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ABSTRACT
Observers at 87 locations in North America have made 239 
telescopic counts seven hours or more in duration of southbound 
migrants passing before the moon. When the numbers of birds seen each 
hour are adjusted for theoretic variations in the amount of observation 
space, their means follow a pattern of change very similar to that of 
spring. The computed volume of migration increases from dusk to the 
10 p.m. hour and steadily declines thereafter.
When these data are variously subdivided into component group­
ings, the general ascending-descending shape of the hour-to-hour 
patterns remains unaltered. Only the slope of the curves and the 
earliness or lateness of the distributions, as evidenced by mode and 
median, vary. From September to November, as twilight comes earlier 
and earlier, the median shifts approximately 40 minutes toward the 
early end of the time scale. Within each lunation, a night-to-night 
progression of the median takes place in the opposite direction, 
apparently in correlation with the changing time when the moon reaches 
the peak of its orbit. The pattern also varies somewhat with the 
total amount of migration taking place. Low-volume migration produces 
proportionately higher adjusted counts at the beginning of the night, 
and proportionately lower adjusted counts in the middle of the night, 
than migration in great volume. Flights in the wrong direction exhibit
xii
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the typical hour-to-hour pattern in the latter half of the night, 
though their variation before midnight is erratic.
The effects of low-volume migration and the time of twilight
are reflected in the distributions for regional groupings such as the
\
North, the South, and the Far West. The sharply peaked northern 
pattern, showing maximum migration in the 11 p.m. hour, bears closer 
resemblance to the continental spring pattern than to the autumnal 
pattern for the South. The later northern twilight probably accounts 
for this peculiarity. The pattern for the Far West, where heavy 
nocturnal migrations seldom occur, is characterized by a reduced 
contrast between maximum and minimum adjusted counts— an expected 
feature of low-volume migration. Local distributions are more aberrant 
than any of the regional patterns. Autumnal curves for Baton Rouge, 
La., and Memphis, Tenn., have extremely early peaks. At Little Rock, 
Ark., the migration is well sustained until late in the dark period.
li/hen the fall counts are adjusted for lost time only, their 
means behave differently. The number of birds remains approximately 
the same for two or three hours following twilight and during the 
remainder of the night steadily diminishes. Time-adjusted spring 
counts on the other hand, exhibit an ascending-descending pattern, 
though not in such well developed form as their space-adjusted counter­
parts.
Data from Baton Rouge covering four 15-night periods of 
successive observation support the idea that the computed migration 
densities are affected by the position of the moon. But current
xiv
analyses indicate that Baton Rouge counts may be seriously contaminated 
by bats and insects. During the September-October lunation of 1955 
at this station, flight calls of migrants were also recorded. The 
hour-to-hour variation in the number of flight calls was the inverse 
of the visual pattern.
The correlation between computed migration and the altitude 
of the moon suggests that certain features of the hour-to-hour patterns 
may be artifactual, that they are induced by over-correction for 
theoretical changes in the siae of the observation space. The sus­
picion that these patterns may not tell us all there is to know about 
the variation in the volume of migration in the sky is strengthened 
by the fact that birds are heard overhead when none can be seen. Further 
analysis of the data at present available should do much to resolve these 
uncertainties.
INTRODUCTION
In the early years of the present decade there appeared in 
rapid succession two publications that seemed destined to revolutionize 
the study of a remarkable and almost invisible natural phenomenon.
They were A Quantitative Study of the Nocturnal Migration of Birds 
(Lowery, 1951) and Fall Migration on the Gaspe Peninsula (Ball, 1952). 
Both reports dealt with essentially the same subject, the mass move­
ments under the cover of darkness by which many normally diurnal birds 
make their way to distant destinations. And both sought, in their 
separate ways, to do what had never really been done before— to describe 
these movements as they take place in the sky.
Neither study was entirely novel in approach. Ball made contact 
with the phenomenon by listening for the call notes of the birds as 
they flew by overhead. Lowery used telescopic counts of silhouettes 
seen against the face of the moon. That passing migrants often utter 
flight calls and that some of them can be seen through a telescope 
pointed at the moon had been known for years. But these facts had 
never previously been put to much use. Now, by a blend of prodigious 
labor and inductive reasoning, Lowery and Ball demonstrated how much 
can be learned from such direct evidences of migration when data are 
assembled in quantity.
Lowery's method of analysis appeared especially promising.
Using equations worked out by the physicist and astronomer W. A. Rense, 
he calculated the probable size of the space in which birds can be 
seen against the moon. On the basis of this information he was able 
to express amounts of migration in terms of numbers of birds per hour 
per mile of front. The resulting quantities were what he and Rense 
called.flight densities. They provided a way of objectively rating 
and comparing the amounts of migration occurring at different times, 
at different places, and in different directions.
This development is of truly great significance. Wildlife 
technicians have had difficulty in satisfactorily measuring even 
spacially static populations; the idea of censusing populations in 
motion has been almost unthinkable. But the method of Lowery and 
Rense purports to do just that: to provide an observationally simple
technique of aerial census that can be applied to objects moving through 
space. The opportunities opened up to the student of migration are 
tremendous. It was, perhaps, without exaggeration that one writer 
(Williams, 1951) called lunar study "an entirely new branch of orni­
thology, the ultimate limits of which are not yet in sight."
Almost immediately, however, a curious contradiction became 
apparent. The methods of Lowery and Ball, each individually convincing, 
led to opposite conclusions; and they did so with bewildering and 
uncanny consistency. This conflict of opinion, deep-seated though it 
seemed to be, provoked no heated controversy. Each author accorded 
high respect to the work of the other. Each admitted his frank 
astonishment at the manner in which the two techniques had made the
3so-called mystery of migration more mystifying than ever. In a recent 
review (Lowery and Newman, 1955)> Dr. Lowery and I have examined the 
several points of conflict between the auditory and visual results at 
some length and have attempted to explain them. Here I shall confine 
my remarks to the conclusions that bear directly on the problem of 
hour-to-hour variation. It was in this connection that the conflict 
of evidence was most startling.
Lowery's study of birds passirig before the moon showed more 
migrants in the air near the middle of the night than at other timesj 
visible migration dwindled to a minimum in the hour before dawn.
Ball's flight-call counts, on the other hand, dropped to near zero at 
the middle of the night and rose to a towering climax just before 
sunrise. The most birds were heard when the fewest were seen, and the 
most birds were seen when the fewest were heard!
One could by no means conclude, however, that the inverse 
correlation between visible and audible migration was real. The visual 
counts had been obtained in Spring. They represented the experience 
of a single year. And they were the work of observers at 28 stations 
scattered over the eastern half of the North American continent. The 
flight call counts were made in autumn. They extended over six 
seasons. And they were the records of one man in a single region.
The different results reported in the two studies were not necessarily 
differences induced by the methods employed. They could very plausibly 
be attributed to the different locations or to the different seasons 
that had produced them. They strongly suggested that the behavior of 
migrants in autumn might be quite unlike their behavior in spring. We
at the Louisiana State University Museum of Zoology were stimulated by 
this possibility.
Following the spring of 1949» when the data for the original 
study were obtained, our work on migration had become predominantly 
analytical. While the spring observations were being evaluated and 
the worth of the method put to a practical trial, little further 
organized field work was attempted. By 1951# when the Quantitative 
Study appeared in print, the research value of moon watching was no 
longer in doubt, as the content of this treatise so amply demonstrated. 
But the 1949 bird counts that at first seemed so voluminous had in 
several features proven Inadequate. As a result Lowexy regarded most 
of his conclusions as tentative, as working hypotheses to be tested 
by future moon-watching on an expanded scale. He stated the matter in 
these words: M . . . any statistical approach such as determinations
of flight density will require the accumulation of great masses of 
data before it is capable of yielding truly definitive answers to those 
questions that it is suited to solve."
Nevertheless, we had not at once attempted to secure any great 
masses of data. For this there was good reason. The 1948 data had 
required more than 1000 hours of corrective mathematical computation, 
nearly twice the time consumed in the observations themselves. At 
this rate we could not begin to afford to process lunar counts in the 
quantity needed for a thorough exploration of the problem.
Late in 1951# Professor Lowery allotted me time to study ways 
of overcoming this obstacle. I had been associated with the Museum's 
lunar researches almost from their beginning and was familiar with all
phases of the procedure. It was apparent that the mathematical work 
on the data of 1948 involved a considerable amount of duplication and 
time-consuming draftsmanship that could be avoided by the use of pre­
calculated solutions. Proceeding along these lines, I developed the 
modified system of handling data described in the appendix. In purely 
tabular form, the correction factors employed would fill a book. For 
working application they were consolidated in two semi-mechanical 
devices that accomodate some of the variables by means of sliding 
scales. For this reason, there has been no convenient way of making 
the system available to others, desirable though such a step would be.
As soon as the success of the revised procedure seemed assured, 
the Museum began an all-out campaign to recreate a continentwide net­
work of observation stations and to build up an accumulation of autumnal 
data. Reprints of the Quantitative Study had by that time become 
scarce. So a 50-page booklet (Newman, 1952) explaining the observational 
method and the proposed research program was prepared for distribution. 
Announcements were inserted in ornithological and astronomical journals. 
Personal letters were written to hundreds of potential participants, 
stressing the special contribution that each might make to the coming 
effort. This correspondence involved more than 12 hours of work a 
day, but it brought me many pleasant associations with people all over 
the country and was perhaps a major factor in the fantastic success of 
the campaign.
When the autumn of 1952 once again brought the birds southward, 
a wave of enthusiasm for moon-watching swept the nation. Telescopes
swung into operation at more than 300 localities as people by the 
thousands took up the new form of bird study. By the end of the 
season, reports had been received from every state in the United States 
and all but one of the provinces of Canada.
I had thought that we were prepared to deal with any outcome 
of the fall campaign. I was wrong. As reports and inquiries poured 
in, our facilities for handling them proved slender by comparison with 
the work that needed to be done. We were obliged either to defer 
indefinitely the work of analysis or to discontinue our policy of 
personal correspondence with contributors. With real regret, we chose 
the latter course j and many communications and contributions had to 
go unacknowledged. Without the stimulus of continued correspondence, 
of specific requests for further cooperation, the moon-watching move­
ment lost its initial momentum. Each year since 1952 has brought fewer 
reports than the last. Nevertheless the backlog of lunar counts of 
migrants is immense. It will provide material for study for many 
years to come. We have not attempted, as we once intended, to process 
all these numerous data at once. The current plan is for staff members 
of the Museum and its graduate students to choose special aspects of 
the nocturnal migration problem for individual investigation. One 
such study (James, MS) has already been completed. When attention is 
thus concentrated on a specific problem and the pertinent reports are 
drawn from the files, the data seldom seem as voluminous as they did 
before. The investigator never seems to have as much material as he 
would like to have. Therefore, though we have not deliberately
solicited additional observations recently, we still welcome them. We 
shall continue to do so.
The first problem chosen for intensive analysis was the one 
that forms the subject of this report. As has already been noted, it 
is with regard to hour-to-hour pattern— the changing amount of migration 
at different times of the night— that the findings of Lowery and Ball 
had produced the most surprising paradox. And it is from the structure 
of this pattern that one may develop the best test of the validity of 
flight densities as measures of migration. Such a test seems an 
essential forerunner to other analyses, dealing with other aspects of 
nocturnal migration.
This study of hour-to-hour variation, employing the increased 
amount of data available, has proven to be formidably difficult. It 
is not the mere mass of the material itself that has caused the 
difficulty. It is rather the maze of ramifications into which every 
attempted line of inquiry has led. At every turn one is confronted 
with a bewildering variety of competing possibilities— possibilities 
to which simple tests of statistical significance cannot be applied.
At the present stage of the research, I have yet established few new 
certainties regarding bird migration; but I have uncovered many 
additional uncertainties. When further analyses have been carried out—  
even without the addition of more data— some of these uncertainties 
should be resolved. Meanwhile, I am somewhat reluctant to make any 
formal report on the work to date. Perhaps, however, a written review 
of what has been accomplished will help to bring the problem into 
sharper focus and in the long run will be effort well spent.
8The chapters that follow constitute such a review. They are 
supplemented by a rather lengthy appendix to which is relegated a 
summary of the basic data employed and certain explanations of 
procedure.
THEORETIC ASPECTS OF HOUR-TO-HOUR VARIATION
There is a rhythm in nature, a periodicity, that is mirrored 
in the ebb and flow of animal activity. Within the cycle of the 
seasons, there are shorter cycles corresponding to the alternation of 
darkness and light that occurs in every 24-hour day. Migratory birds 
respond to both these rhythms, and they do so in a particularly dramatic 
and complex way. When the time for migrating comes and their seasonal 
rhythm enters a new phase, many of them are transformed in daily habit. 
Normally creatures of the light, accustomed to sleeping after sunset, 
they now transfer the most demanding and perilous part of their 
activity into the dark period of the 24-hour cycle. It is then that 
they are believed to perform most of the migratory movement that 
carries them hundreds and thousands of miles up and down the continents. 
The problem we must here consider is whether these migrants, the noc­
turnal ones, also exhibit periodicity within the dark part of the cycle. 
Do they divide the night between flying and resting in a more or less 
set way? Do their very numbers in the sky characteristically tend to 
be greater at some hours than others, so that the quantity of migration, 
if accurately measured from hour to hour, would fall into some stable 
pattern of progressive change?
The visibility of migrants against the moon would seem to 
provide a quick and easy means of answering these questions. Why not
10
simply go out on a couple of nights, point a telescope at the moon, 
and see what happens. Unfortunately the solution is not that simple.
In this chapter, we shall review some of the reasons why.
Assumed Effect of the Moon13 Altitude on Bird Counts
The theoretically drastic effect of the moon's changing altitude 
on an observer's chance to see birds has been explained and re-explained 
in nearly every modern paper on lunar migration study yet written.
But its bearing on hour-to-hour pattern is so critical that I feel 
obliged once again to state its principle.
All birds fly in a layer of air relatively close to the earth's 
surface. When a telescope is pointed at the newly-risen moon, a 
maximal portion of its effective field of view lies in this layer. As 
the moon rises higher into the sky, more and more of the original 
field of view is lifted above the zone of flight into empty atmosphere. 
Consequently the observer sees a smaller and smaller proportion of the 
birds passing his station.
A pictorial representation of this theory is given in the 
accompanying diagram (Figure 1). The dots below the flight ceiling, 
or upper limit of migration, are arranged in absolutely even density.
But note how many more dots fall within the field of visibility of the 
30° moon than the field of the 90° moon. If these dots are taken to 
represent birds, it becomes clear that bird counts may vary systemati­
cally from hour to hour even when the number of passing migrants 
remains approximately the same. They will do so because the opportunity 
to see birds varies systematically, or, in statistical terms, because 
the size of the migration sample varies systematically.
11
ASSUMED EFFECT OF M O O N ’S 
ALTITUDE O N  BIRD COUNTS
Figure 1. Assumed effect of the altitude of the moon on lunar bird 
counts.
12
The Angle of Incidence
The situation in Figure 1 is, of course, oversimplified. The 
moon is pictured as though it remained for a long time due east of the 
observer, moving in only one plane, the plane of the paper. • The birds 
are shown as though they moved in only one direction— perpendicular to 
the paper. On rare occasions, the moon and the birds may approximate 
these relationships. Usually, however, migrants are flying in several 
directions. And usually the moon leaves the east and moves toward the 
south as it rises, swinging out of the plane of the diagram.
The changing relationship of the field of visibility to the 
directions of flight has its own effect on the numbers of birds 
observed. For simplicity's sake, let us isolate this effect by 
imagining that the 30° moon of Figure 1 moved toward the south without 
change of altitude and that all the migrants were approaching from the 
south. Then when the moon was in the east position, the 30° position 
of Figure 1, the birds would be striking the field of visibility broad­
side, passing through its widest dimension. When the moon reached the 
south point, on the other hand, they would strike the field end-on, 
passing through its narrowest dimension.
All this will seem less unintelligible if we return to two 
dimensions by considering what is happening at a single level of 
flight, on a horizontal plane— a plane, therefore, at right angles to 
the plane of Figure 1. Since the field of visibility is an inclined 
cone, such a plane would intersect it in an ellipse. One may visualize
i o
the sampling area of the 30 cone at a single flight level as a series 
of 30° ellipses that constantly change their orientation with relation
13
EFFECT OF DIRECTIONAL ANGLES
ON LUNAR BIRD COUNTS
Figure 2. iSffect of directional angles on lunar bird counts. The 
diagram illustrates how the angle between the birds' heading, or 
direction of flight, and the moon's azimuth, or direction from the 
observer, alters the effective size of the observation space.
Here the direction of flight and the altitude of the moon are held 
fixed while the lunar azimuth changes. In practice, of course, 
all three quantities vary.
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to the flow of oncoming migrants. At first the birds are crossing the 
long axis of the ellipse and are seen in maximal proportions; but by 
the time the moon has reached the south point, they are crossing the 
short axis and are seen in minimal proportions. Figure 2 will help to 
make the principle clear.
The point to remember is that two systematic factors are 
operating to force nocturnal bird counts into a progressive pattern 
of hour-to-hour change. Ordinarily these factors work concurrently; 
and around the time of the full moon, when most of the visual studies 
have been made, they are similar in theoretic effect. Both tend to 
reduce the size of the migration sample as the moon approaches a 
point south of the observer, a position it reaches near midnight. If 
Figure 2 had been designed to show both effects at once, the ellipses 
would have decreased in size as they moved toward the midnight position, 
for the moon is always rising during this stage, exercising the 
principle discussed in the preceding section. The migrants of early 
evening would be seen to be crossing the long axis of a large ellipse; 
the migrants at midnight to be crossing the short axis of a small 
ellipse. The moon's directional position, or azimuth, and its altitude 
are not, however, exactly correlated, even in the period surrounding 
the full of the moon. Their varying relations may eventually provide 
a means of corroborating their assumed influences on the number of 
birds visible.
15
The Effect of Containing Lines
Even though the number of visible birds were not affected by 
the inconstancy of the moon, the observer ought not to expect to get a 
clear picture of the general hour-to-hour flow of migration by watch­
ing the movement from a single vantage point. The amount of migration 
varies not only with time but also with place. And it remains to be 
conclusively proven, in autumn especially, that the factor of location 
is impotent even within the sweep of a single telescope. One potential 
local modification of the general temporal variation relates to the 
effect of the topographical features that European investigators have 
called leitlinien (see van Dobben, 1953).
Daytime observation abroad has shown that migrants are often 
reluctant to fly over unfamiliar types of terrain. When they drift 
against the line dividing one type of habitat from another, they tend 
to bank up against the line. A migration that was at first evenly 
dispersed through the sky becomes concentrated in a narrow stream.
These lines of ecologic division, or of physiographic prominence, are 
the leitlinien. The term has usually been translated as "leading 
lines" or "guiding lines", but either rendering seems to imply that 
the birds are using the lines to guide or lead them toward their 
destination— a conclusion that the originators of the term definitely 
did not intend. I prefer to translate leitlinien as "containing 
lines", since their effect is to contain or hold the flight within a 
line or boundary.
Whatever one calls them, containing lines act to convert 
broad-front migrations into narrow-front migrations moving in a
concentrated linear flow. Whether this influence also operates at 
night has not yet been effectively proven or disproven. But, if there 
are nocturnal containing lines, they would cause profound changes 
from hour to hour in the number of birds seen through a telescope set 
up in their vicinity. If, for instance, a telescope were in operation 
on an eastern coastline that ran north and south, the observer would 
be looking out over the water in the early hours of the evening and 
might see few birds. Later, when he was looking down the beach itself, 
the field of vision would lie in the thick of the migration stream 
banked up against the edges of the sea. The amount of migration would 
seem to be changing with the passage of time, whereas it was really 
changing only with the closer approach of the telescopic field to the 
place where birds were flying. The observations that Prentiss D.
Lewis and I made on the beach at Tampico, Tamaulipaa, in the spring 
of 1948 illustrate this possibility, though the results may be other­
wise explained (see Lowery 1951* pp. 428-430 and Figure 25).
The Effect of Distributional Gaps
Every bird student knows that grounded migrants are never 
evenly distributed over the surface of the earth. Warblers, vireos, 
and tanagers— the birds that make up the bulk of the nocturnal flights—  
habitually feed and rest in wooded areas. They are scarce or lacking 
in fields or marsh. When the night’s migration begins, their uneven 
spacial distribution is carried into the sky. If all birds flew at 
the same velocity and in the same direction, the spacial gaps would 
remain intact and would be registered by the raoon-watcher as temporal
gaps. He would experience periods without birds corresponding to the 
areas without birds lying south of him in spring and north of him in 
autumn. In practice the varying flight speeds of migrants and their 
varying directions probably close minor gaps rapidly, so that the 
horizontal dispersion of birds in the sky becomes more or less uniform. 
But, if a vast area of vacant surface intervenes, the resulting hiatus 
in migration flow may persist all night. Major gaps in the geographic 
distribution of migrants might be provided by expanses of water, 
gras8land, or desert. Or they might develop in a nonbiotic way when 
bad weather piles up an incipient ’’wave" of birds at one latitude.
The complex of possibilities that develops from such circum­
stances will be easier to understand if we assume for purposes of 
analysis that migrants really fly all night, without hourly changes 
in the total volume of flight. On such a premise, an observation 
station remote from the birds’ main resting grounds will record few 
lunar silhouettes at the beginning of the watch. The main flight will 
not yet have had time to get there. The first birds to arrive from 
the distant source will be the fastest fliers. Later they will be 
followed by birds of moderate speed and finally, if the source is not 
too distant, by the slowest fliers. If speed of flight is normally 
distributed among night migrants— if there are more birds of moderate 
speed than very fast ones or very slow ones— the numbers of birds seen 
in successive hours will be normally distributed also. The plotted 
curve of migration volume will rise and decline. If the resting 
grounds are vast in their north-south extent, the observed numbers of
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birds are likely to be cumulative. Fast fliers from ever more distant 
sources will continue to pass over the station even after the first of 
the birds of moderate speed, from the nearer edge of the resting area, 
have arrived. The climactic counts at the station will not occur 
until the advent of the slowest fliers, when birds of all classes will 
be represented in the air overhead.
It should be emphasized that this hypothesis in no way 
conflicts with the analysis of varying flight speeds given by Lowery 
(1951:417)♦ He was speaking of variation in flight speed operating by 
itself in a situation where the supply of birds is continuous. It is 
the combination of distributional gaps and varying flight speeds that 
produces the possibility of systematic variation suggested above.
The results obtained at Progreso, Yucatsui, in the spring of 
194S (Lowery, 1951: 442-446 and Figures 35-36) could conceivably have
been affected by such circumstances. For some distance south of the 
observation station there stretches an arid habitat unattractive to 
migrants of the sort we are considering here. The bulk of the migrants 
seen may have come from more luxuriantly forested areas situated 
several hour's flying time away in the interior of the Yucatan 
Peninsula. In this connection it is interesting to note that the 
early evening flight densities at Progreso were well below the average 
of all stations.
A somewhat different set of geographic circumstances is 
associated with the spring migration at Baton Rouge. There the postu­
lated gap is the 600-mile expanse of the Gulf of Mexico. The ultimate 
source of the migrants, across the sea in Yucatan, is so distant that
birds leaving there could hardly arrive over Baton Rouge on the same 
night. But this city is located some 90 miles inland and can derive 
migrants more immediately from the narrow belt of coastal plain lying 
between it and the Gulf. The suggestion has been made that this 
intervening area directly supplies the spring migrants seen at night at 
Baton Rouge and that the small north-south extent of the coastal belt 
accounts for the exceptionally early decline of the night’s migration 
over that station. This phenomenon, known as the Baton Rouge Drop-off, 
is discussed at some length by Lowery (1951: A21-424).
P ro b a b ility  and Observed M ig ra tio n  Peaks
I can find no reason for assuming that areas of migrant 
concentration are as numerous or as extensive as areas where grounded 
migrants tend to be more scattered. If they are not as numerous or 
extensive, fewer randomly chosen observation points should be in the 
concentration areas than outside them. This probability prepares one 
to expect that the highest counts of migrants will seldom be obtained 
in the hour immediately following sunset. The heaviest flow of 
migration past the station will not usually be established until birds 
from the areas of maximum concentration have had opportunity to reach 
the station. The farther away the concentration, the later the peak 
bird count will tend to be. This consideration is related to the one 
discussed in the preceding section but is independent of the flight 
speed of the birds. The effect would be observable even if all 
migrants moved at the same velocity.
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If we turn attention to the average migration peak for many 
nights and many stations, we find an additional basis for prediction. 
Weather variations or other environmental circumstances that might 
delay the start of a night*s migration are not hard to imagine. Neither 
are circumstances that might cause the night’s flight to end prematurely. 
But it seems rather less likely that the migration would be resumed 
after once being interrupted. In that event, the factors of delay 
and cessation will operate differentially with respect to the various 
hours of the night. Every time the migration is held up past the 
third hour, the first and second hour will lack birds also; and every 
time the movement fails to get under way until the second hour, the 
first hour will again be blank. But the flight will not be delayed 
through the third hour every time it is delayed through the second 
hour nor delayed through the second hour every time it delayed through 
the first. Similarly, at the other end of the process, a premature 
ending of the flight at 2 or 3 a.m. will automatically halt the 
migration in all the hours that followj but cessation of the movement 
one hour before dawn need not affect any of the hours preceding. In 
brief, the middle hour of the night will be least vulnerable to mis­
chances delaying or stopping migration, and the further an hour is 
from midnight in either direction the more vulnerable it becomes.
When the results of many nights are combined, the middle hour should 
have a greater number of consistently good representations of birds 
than any other hour, while the first and last hour should have the 
fewest good representations. Thus, even if the disturbing factors are 
random with respect to time, their tendency will not be to produce
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equal migration means at all hours. They will contribute toward a 
rise and decline in the pattern of the means.
The Effect of Changing Ground Speed
The number of birds counted in an hour at the telescope is not 
purely an index of their density in space. It is also a measure of 
their frequency in time. A flight of constant spacial density will 
yield twice as high a count when it is travelling by at the rate of 
40 miles an hour as when it is passing at the rate of 20 miles an hour. 
The number of birds per unit of atmosphere is the same In both cases; 
it is the movement of the atmosphere itself that makes the difference. 
Thus, other things being equal, any change during the night in the 
velocity or direction of the wind in the stratum of migration should be 
accompanied by a change in the number of birds per unit of time seen 
through the telescope. I have not yet had an opportunity to inquire 
whether favoring winds of ideal velocity occur more often at certain 
hours than others. But this possibility should perhaps be investigated.
Interesting in this connection is the recent hypothesis of 
Raynor (1956). He believes that the heaviest nocturnal migrations 
occur during temperature inversions. This sort of air structure is 
not usually attained until some time after sunset. As the ground 
surface, warm from its previous exposure to the sun, radiates back 
its heat, the warm air comes to overlay the cool. Turbulence dis­
appears and a smooth flow of air ensues. It is then, thinks Raynor, 
that the night’s flight gets under way. He does not state how much 
the time required to establish a temperature inversion may vary.
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It is worthy of additional note that while migrants are rising 
to high elevations much of their energy is expended in carrying them 
upward rather than forward. At this stage their rate of horizontal 
progress past an observation point is necessarily slower than at later 
stages. Thus fewer pass in a given interval of time. However, the 
migrants may reach the desired elevation so quickly that this effect 
is of negligible duration.
The foregoing series of conjectures serve to suggest that many 
external factors may cause observed numbers of migrants to vary 
systematically in time. Some of the factors cause one theoretical 
result, some another. We cannot guess what their net effect may be. 
But all involve the possibility of a pseudo-temporal variation that 
may hide, or distort, the real periodic rhythm of nocturnal migration 
or create the illusion of such a rhythm where none exists.
GENERAL PATTERNS OF HOURLY AVERAGE FLIGHT DENSITY
A precedent for dealing with the difficulties just described 
has been provided by the vrork of Lowery (1951) with hour-to-hour 
variation in spring. This chapter will review his analysis and apply 
his methods to the data of autumn.
The Correction Principle
It is obvious that a 30-minute bird count cannot be directly 
compared with a 60-minute bird count. One first has to make an adjust' 
ment in the figures. In this case the obvious thing to do is to 
multiply the first count by 2. Then both counts represent the number 
of birds per 60 minutes, the number per hour. In the treatment of 
lunar migration data, this very step is carried out to make allowance 
for any interruptions that may have occurred during the hour's watch. 
When raw data are thus corrected for lost time, but for nothing else, 
the resulting figure is called a time-adjusted count. Later on, I 
shall make use of data in this form.
We have already seen, however, that there is convincing reason 
to believe that a low moon provides a greater space in which to see 
birds than a high one (p. 10). If we wished to compare a count made 
when the moon was at 30° with a count made when the moon is at 90°, we 
should not ordinarily be satisfied merely to adjust the figures for
lost time. Some allowance has to be made for inequalities of observing 
space also. On the premises of Figure 1, the birds visible against 
the 30° moon are passing through a space 1/55 of a square mile in area. 
The birds visible against the 90° moon are passing through a space 
only 1/220 of a square mile in area. The principle used to eliminate 
inequalities in observing time can again be applied— both counts can 
be converted to their per mile equivalents. All one has to do is to 
multiply the 30° count by 55 and the 90° count by 220. The situation 
in the diagram is hypothetical, but the figures 55 and 220 are the 
actual correction factors that would apply under the conditions shown.
However, these factors are appropriate only for birds heading 
in one direction (or its diametric opposite). In terms of Figure 2, 
these are the birds crossing at right angles to the long axis of the 
ellipse. If there were other birds travelling from left to right or 
from right to left, across the short axis, the factor 55 would not 
suffice to convert their observed numbers into numbers per mile. The 
short axis of a 30° ellipse is only half as great in length as its 
long axis, and the correct conversion factor for counts across the 
short axis is thus 110.
These conversions, simple in basic principle, are rather 
involved in their mathematical derivation and in their execution.
Rense (1950) has presented a formula that accomplishes the two forma 
of space correction simultaneously. The birds of each directional 
grouping must, however, be translated into birds per mile separately. 
Then the space-corrected counts, or sector densities. for the different
directional classes may be combined to find the total flight density 
of the migration occurring over the station. For further mathematical 
details, the reader is referred to the paper cited and to a previous 
discussion by the same author (Rense, 1946).
The important point is that the processes converting bird 
counts into flight densities theoretically remove the element of 
systematic variation contributed by the movement of the moon. Any 
pattern of variation remaining after these processes have been carried 
out should be attributable to other causes. Therefore, in his investi­
gation of the hour-to-hour variation of migration in spring, Lowery 
concentrated attention on flight densities.
Averaging Out Local Variations
Most of the other difficulties considered in the previous 
chapter were local in character. They would not affect the results at 
all stations in the same way. For example, at some locations, those 
just east of a containing line, the field of view of the telescope 
moves toward the main stream of migration. At others, those just 
west of such a line, the field is moving away. Hence, the observed 
migration is increasing in the first instance while it is decreasing 
in the second. When the results are combined, the effect of the 
containing line is cancelled. Not all the factors discussed balance 
out so perfectly in their probable effects. But, to the extent that 
they do not, they are not purely local in their influence. Therefore 
the combined experience of many nights at many stations should yield a 
set of averages that will tend to reveal the general situation.
In the spring of 1948, Lowery succeeded in obtaining usable 
telescopic counts of nocturnal migrants from 27 observation stations. 
The locations of these stations are shown by the open and dotted 
circles on the accompanying map (Figure 3). Note that they are 
scattered down the continent from southern Canada to Yucatan, but all 
lie east of the 100th meridian.
One night's watch at one telescope operating at one location 
(or at a series of consecutively operating scopes at the same station) 
constitutes a station-night. The record for one station-night makes 
up what we call a set of observations, Lowery had at his disposal 100 
such sets of data. These varied considerably in length of observation 
period. Some comprised as many as nine hours; some as few as three. 
They represented, all told, 593 s tat ion-hour s, and thus averaged 
almost six hours per set. Seasonally, they covered the three major 
months of spring migration— March, April, and May; but, being limited 
to the week centered on the full of the moon and to the experience 
of a single year, they included less than 20 nights of the period. 
Although these data were not wholly random with respect to all the 
local factors that might conceivably distort a general temporal 
pattern, they provided an impressive basis for testing the existence 
of such a pattern.
The Spring Pattern of Hourly Average Flight Densities
Lowery's first approach to the study of time correlation was 
direct and uncomplicated. He simply added up all the flight densities 
for each hour and divided by the number of sets represented in that
LOCATION OF OBSERVATION STATIONS 
spring o spring and fall ® fall •
Figure 3. Location of observation stations concerned in this study.
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hour. The series of arithmetic means thus obtained produced the 
smoothly ascending and descending curve shown in Figure 4*
Taken at face value, this pattern of hourly average flight 
densities leads to a rather startling conclusion. Apparently, less 
than half the migrants participating in a typical spring night’s 
flight take to the air in the first hour of darkness. During the next 
60 minutes, the number of birds in the sky increases approximately 50 
per cent. Another 50 per cent of the original number join the pro­
cession in the third hour. By the 11 to 12 p.m. interval, just before
midnight, the rate of increase has slackened, but it is in this hour
that the total number of birds in the air reaches its maximum. There­
after, migration slacks off. Between 2 and 3 a.m. it drops to a 
magnitude below that of the first hour. It continues to decrease 
and in the hour before dawn falls to a minimum.
After prolonged deliberation and the study of alternative 
hypotheses, Lowery provisionally adopted this interpretation. Even 
so, fundamental questions remained to be answered. Why should the 
amount of migration vary in this way? Is the pattern an expression of 
some intrinsic behavior pattern, some activity rhythm, in the birds 
themselves? Or is it controlled by factors in the environment?
Would similar hour-to-hour changes occur in autumn, when the relation 
of migration to weather conditions is radically altered, when the 
location of stations with respect to favored resting areas is reversed, 
and when many young, inexperienced birds are on the wing? With these 
questions in mind Dr. Lowery and I both anxiously awaited the outcome 
of the extensive moon-watching program begun in the fall of 1952.
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F l i g h t  D e n s i t i e s
SPRING
HOUR OF THE N IG H T
Figure 4. Hourly average flight densities in spring. (Adapted from 
A Quantitative Study of the Nocturnal Migration of Birds.)
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Autumnal Data: Selections 1 and 2
As previously noted, the present backlog of moon-watching data 
is inmense. In one way or another, all the accumulating .observations 
are of great value; but not all are equally suitable for the study of 
hour-to-hour variation. After 1948, contributors were not so strongly 
urged to continue their work all night long. Consequently the pro­
portion of short watches has been much hi^ier for autumn than for 
spring. Observations too brief in duration are likely to have a 
disturbing effect on a pattern of hourly means, because their total 
magnitudes act on the two halves of the curve independently. There­
fore, the initial phase of this study is confined to the 239 sets of 
fall data spanning more than half the night, that is, to sets seven 
hours or more in length. Chosen in this way, each set must overlap 
every other set for a period of at least two hours.
The selected data pertain to 87 stations. Thirteen of the 
stations also contributed to the spring migration study. The latter 
are indicated on the map (Figure 3) by dotted circles. Locations 
concerned only in the fall program are shown by solid black dots.
The sets meeting the stated specifications, together with 
special data from Baton Rouge, are summarised in Table I in the 
appendix (pp. 113-137)* Sets from within the United States are listed 
alphabetically by state and alphabetically by locality within the 
state. Sets for the same locality appear in the order of their dates. 
Data from outside the United States are included at the end of the 
table. The sets are assigned consecutive numbers in the order of
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their listing. In the work that follows, various combinations of these 
data will be submitted to analysis. The groups of sets chosen will be 
referred to as selections. and they too will be identified by number.
The composition of each selection is stated in the appendix, pp. 153-162. 
The basic group of seven-hour sets has been designated as Selection 7.
In choosing fall observations to compare with the spring 
observations of 1948, it is desirable to limit the original selection 
further. For this purpose, Selection 1 has been set up. It is 
restricted to sets from east of the 100th neridian, between the 20th 
and 49th parallels of latitude— the general geographic area from which 
the 1948 data were taken. Seasonally, Selection 1 includes the 
months of September, October, and November— judged to be the closest 
autumnal analogue to May, April, and March. For. reasons that will 
later become apparent, observations made more than two nights before or 
more than two nights after the full of the moon are excluded (except 
in the case of the sets for October, 1952, when the moon became full 
midway between observation periods). The 201 sets meeting these 
specifications comprise I860 station-hours, an average of 9*2 hours per 
set. Because the fall observations extended over several years, 31 
days of the month are represented.
The Fall Pattern of Hourly Average Flight Densities
When averaged hour by hour, the flight densities of Selection 1 
produced the autumnal pattern shown by the white line in Figure 5. A 
tracing of the spring curve of Figure 4 is included to permit direct 
comparison.
Figure 5. Hourly average flight densities in autumn: from the area
of the spring study. The broad white line shows the autumnal 
curve. A black tracing of the spring pattern is included for 
comparison.
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Several differences are at once apparent. For one thing, the 
autumnal curve is of longer duration than the spring curve. In part, 
its greater length reflects an actual difference in the length of the 
dark period at the two seasons and in part, the increased amount of 
data available.
Another very noticeable peculiarity of the autumn curve is the 
break in regularity that starts at the point marked by the arrow. The 
aberration was caused by the observations at a single station in a 
single hour— a count of more than 600 silhouettes made between 12 p.m. 
and 1 a.m. on the night of October 1, 1952, at Commerce, Texas, by 
Guy Marlowe and Mrs. Norah Selby 0 'Neil. The equivalent flight 
density for this one-hour count, the highest ever made anywhere, is 
107,800 birds. Though this figure has been averaged with 197 other 
densities in the 12 p.m. to 1 a.m. hour, it alone has sufficiently 
affected the mean to throw the plot point far out of line. With the 
12 p.m. to 1 a.m. Commerce observations eliminated, the pattern assumes 
the smoother curvature shown by the broken line.
More spectacular, and more significant, is the contrast in 
magnitude between the spring and autumn densities. Though fall 
migration is spread over a longer period, nightly and seasonally, it 
has produced the higher computed volume of flight in every hour at 
which both seasons are represented. This result is not surprising.
With a fresh crop of young on the wing, migratory populations are at a 
maximum when birds start southward. When these migrants return to us 
in spring, after the hardships of the double journey down the continents
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and back again, their numbers are approaching the low point of the 
year. An odd feature of the two patterns is that they start at nearly 
the same computed migration density and end at the same density. In 
fact, in an earlier test, when only 100 sets were being used in the 
autumn selection, the respective magnitudes at both ends of the spring 
and autumn series were identical]
This particular report is not concerned, however, with season- 
to-season differences in the volume of migration on an absolute basis.
It is a study of nightly temporal pattern. of relative volumes from 
hour to hour. For present purposes, the difference between the amounts 
of migration taking place in spring and autumn is irrelevant. It is 
even a drawback, for it obscures similarities in the pattern of variation. 
The real question is how alike, or how different, the spring and autumn 
curves wauld be if there were no difference in the total amount of 
migration at the two seasons. If 100 birds were distributed according 
to the spring pattern, how would their curve compare with the curve for 
100 birds behaving according to the autumnal pattern? To find out, 
one might try converting the hourly means to percentages of their 
respective totals. However, this procedure would divide the 100 
autumnal migrants into 12 hourly groups and the 100 spring migrants 
into only nine groups. The effect would be to flatten the autumnal 
curve deliberately. The procedure followed here has been to base the 
percentages for both series on the totals for the hours of S p.m. to 
5 a.m.— the interval common to both spring and fall observations.
P
E
R
C
E
N
T
A
G
E
H o u r l y  A v e r a g e  F l i g h t  D e n s i t i e s  a s  Pe r c e n t a g e s
SPRING AND AUTUMN
h COMPARED |  ■ ■ ■ ■
Figure 6. Hourly average fligfrt densities as percentages: spring and
autumn compared.
36
In Figure 5, the increase from hour to hour in average flight 
density appears much greater for autumn than for spring. In Figure 6, 
on the other hand, where the same curves are replotted on a percentage 
basis, the fall increases are seen to be proportionately no greater 
than the spring increases. All in all, the two patterns are remarkably 
similar, particularly during the later hours. The most notable points 
of unlikeness are: (l) the autumn curve shows a less pronounced
peak; (2) the spring curve is shifted to the right (later along the 
time scale).
The Average Pattern for Spring
The curves of Figures 5 and 6 might all be called patterns of 
averages, or patterns of means. In the one case the means are plotted 
according to their numerical values and in the other, according to 
their percentage values; but every plotted value represents an indi­
vidual averaging of the flight densities for the hour in question. I 
prefer not to call either type of result an "average pattern" or even 
to think of it as such. As used here, the term "average pattern" 
denotes a composite curve to which each station-night’s experience has 
contributed equally, regardless of the total number of birds involved 
in the set. The idea is akin to that of averaging ratios. The mean of 
the ratios 100:50 and 2:4 is not 51:27. Indeed, this result does not 
bear the remotest resemblance to the true average ratio, which is 1 to 
1. Yet this is the kind of computation by which the curves so far 
considered were derived. The method is not actually invalid for our 
purposes, but it does fail to provide all the insight we would like 
to have.
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Lowery was well aware of this difficulty. To test the possi­
bility that the pattern of the averages for spring migration might not 
agree with the real average pattern, he recomputed the curve in another 
way. First, all sets too brief in duration to produce curves with an 
obvious peak were eliminated. Then, the hourly flight densities of 
each remaining set were expressed as a percentage of the peak density 
for that set. Finally all the percentage values for each hour were 
averaged to obtain the mean percentage of peak for that hour. When 
these mean percentages were plotted, the resulting curve was hardly 
distinguishable from the curve (Figure 4) obtained by averaging the 
flight densities themselves. In part this extremely close similarity 
was due to the fact that the two graphs were not on identical scales.
In Figure 7> both spring patterns have been placed on the same basis: 
the hourly quantities are shown as percentages of the total magnitudes 
of their respective curves.
Under th is  tre a tm e n t, the two spring curves re ta in  most o f  
t h e i r  form er s im i la r i t y .  However, the average p a tte rn  has a somewhat 
more f la t te n e d  curvatu re  than the  p a tte rn  o f averages. The increased  
w eight given to  se ts  w ith  few  b ird s  may have been responsib le  f o r  th e  
changej but we cannot be sure. The curvature  could have been a lte re d  
by the  d iscard in g  o f  the  sets  w ithout peaks.
The Average P a tte rn  fo r  Autumn
Though in  many ways an e x c e lle n t  d ev ice , th e  percentage-o f-peak  
conversion does have shortcomings. I t  can o n ly  be a p p lie d  to  obser­
va tio n s  th a t  have c le a r ly  reached t h e i r  n ig h t ly  maximum, and i t  does
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Figure 7. Hourly average flight densities in spring: pattern of
averages and average pattern compared. The white line indicates 
the average pattern; the black line, the pattern of the averages.
not quite realize the objective of giving all station-nights equal 
numerical weight. The latter defect is not serious. Perhaps it is 
even trivial. But unfortunately the added weight, slight though it 
is, goes to the sets that seem least to deserve it— those with the 
shallowest curvature. To understand the effect, consider these two 
series of hypothetical counts: 2-2-2 and 10-40-10. With the peak of
each series set at 100$ and the other quantities adjusted accordingly, 
the members become: 100$-100$-100$ and 25$-100$-25$. The unvarying 
series would have a weight of 300 in determining the average pattern, 
while the sharply peaked series would have a weight of 150, only half 
as great.
Two other ways of computing an average pattern are available. 
One of them, a standard statistical technique known as the Link Average 
Method, cannot be applied without modification, because of the presence 
of zeros in the series. The other method is to increase or reduce the 
total magnitude of each set of data to the average magnitude of all 
sets, maintaining meanwhile the original hour-to-hour ratios in each 
set. This procedure has been used extensively in this study. It is 
the basis for the average pattern of autumnal flight density appearing 
in Figure 8. Since the method was devised especially for the needs of 
the present problem and may not have been described elsewhere, it is 
fully explained in the appendix, pp. 132-184.
Figure 8 compares the average pattern for fall (white line) 
with the pattern of the averages (black line) for the same data. As 
in the case of the similar comparison for spring, the effect of giving
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low-magnitude sets a greater influence on the curve has been to depress 
the curve. It neither starts as low nor climbs as high as the pattern 
of the averages. The big hour at Commerce (12 p.m. to 1 a.m.) has been 
included in the average pattern, but its effect is no longer so 
pronounced.
Hours of Peak Density
One other time-study of flight densities was carried out by 
Lowery. He determined the time of the peak— that is, the time of the 
maximum flight density— for each station-night during which a 
recognisable peak had been reached. Then he prepared a histogram 
showing how many peaks had occurred in each hour. In Figure 9, I have 
superimposed the black columns of this graph on the white columns of 
a similar histogram for the fall densities of Selection 1. The general 
trend of the distribution is similar to that of the patterns of the 
averages and the average patterns, except that the drop-off after 
midnight is still more pronounced. The fall graph shows a peak apiece 
for the 3-4 a.m. and 4-5 a.m. intervals, while the spring plot is 
blank for these hours; but, had the spring data included enough sets 
to show the complete range of variation, it also might have been 
represented at these times. Never, however, during the history of 
moon-watching at either season, has the w r k  of the full-moon period 
produced a maximum flight density in the hour before dawn.
The three analyses used in the study of the hour-to-hour 
variation of nocturnal migration in spring have now been applied also
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Figure 9. Hours of peak density. The frequencies for each hour 
indicate the number of station-nights in which the peak density 
occurred at that time.
to the observations in fall. In each case, Lowery's original results 
have been closely duplicated. Flight densities tend to reach their 
nightly crest a bit earlier in autumn than in spring, and the peak is 
not quite as sharply defined. Otherwise the densities for the two 
seasons indicate a nearly identical pattern of progressive change.
GEOGRAPHIC VARIATION IN HOUR-TO-HOUR FLIGHT DENSITY PATTERNS
We have seen that the means of computed flight density increase 
from hour to hour in the first part of the night, decrease in the 
latter part. This ascending-descending pattern of change applies 
equally well to the measurements of migration made in spring and to 
the measurements made in fall. The curves for the two seasons differ 
in detail but not in general form. But, even if one accepts these 
patterns of computed density as a true picture of the way migrants 
behave Non the average,” several questions remain to be considered. Is 
the general curve an expression of some inherent rhythm that controls 
the activity of all night migrants, at all times and in all situations? 
Does the curve, in other words, mirror some uniform tendency on the 
part of birds that varies as one sees it on single nights at single 
stations only because its effects cannot be perfectly observed from a 
local viewpoint? Or is the curve a composite of many differing 
patterns of behavior— patterns that vary from species to species, from 
region to region, or from season to season?
In 1951, one could only guess at the answers to these questions. 
The data were neither sufficiently numerous nor sufficiently varied 
in circumstance, to permit further analysis. Hence Lowery was limited 
in his study of spring migration to those tests that I have reviewed 
in the last chapter and that I have there repeated with the data of
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fall. Because of the quantity of observations that have since become 
available, it is now possible to proceed in several new directions.
The Method of Analysis
Powerful statistical techniques exist for analyzing the 
variance among sets of measurements and for treating enumeration 
data. Flight densities are measurements in one sense, enumeration 
data in another; so it would seem that several statistical tests might 
be applied to them. In practice, however, the more advanced procedures 
are neither easy to apply nor entirely satisfactory in concept. One 
major difficulty is that we are dealing with patterns. These can be 
described only by a series of numbers; they cannot be fully expressed 
by any single numerical index. What we really want to know is whether 
one series of patterns differs significantly from another series of 
patterns. That is asking whether one series of series of numbers 
differs significantly from another series of series of numbers.
If any procedure has been devised for dealing with precisely 
this problem, I am, frankly, unaware of it. In a sense one can take 
the mean of a series of patterns (as was done on pp. 37-39), but one 
cannot compute its standard deviation. Other difficulties arise from 
the fact that few sets of observations cover all 12 hours of the 
night. These difficulties cannot be eliminated simply by the accumu­
lation of more 12-hour sets; observations of such duration, being 
severely limited with respect to season and to the phase of the moon, 
give only a partial insight into the factors that may cause a pattern 
to vary. Inevitably, then, there will always be more sets of
observations at some hours than at others. Therefore the analyst cannot 
compare the total number of migrants occurring in each hour. He must 
deal with averages. By doing so he loses the opportunity to make a 
simple chi-square test of significance.
I do not mean that tried statistical methods cannot be applied 
to the problem at all. Valuable insights would be supplied by a 
series of multiple correlation studies in which various aspects of 
pattern are analyzed in turn. Such an analysis, however, could hardly 
be undertaken without the use of card-sorting machines. That would 
require coding of data, and the lunar data cannot be effectively 
coded without a preliminary exploration of the general problem. At 
the present stage of the work, I have been content to make such a 
preliminary exploration, employing a simple, statistically unsophisti­
cated approach. I propose merely to sort the data into various group­
ings and to note whether the hour-to-hour patterns for these groupings 
depart markedly from the general pattern.
The first groupings considered will be geographical in nature. 
They will be studied on the basis of the patterns of their hourly 
means.
North and South Compared
It would be reasonable to suppose, in the absence of evidence 
to the contrary, that the hour-to-hour pattern of migration might vary 
from one part of the continent to another. Not only are the migrants 
of different regions subject to different environmental influences,
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such as different day-lengths, they are in considerable part birds of 
different species with potentially different migratory behavior.
The fall data of Selection 1 are geographically like the 
spring data only in a very general way. A glance at the map of 
locations (Figure 3) shows that a disproportionate number of spring 
stations were situated at southern latitudes. Actually, the dispro­
portion was even greater than is apparent, for in 1943 the southern 
section contributed by far the greater number of watches per station.
In autumn, on the other hand, the North has been very well represented.
Now recall that the spring and autumn patterns, though 
basically similar, do display some points of dissimilarity. We are 
not certain that these differences could not have occurred by chance. 
Nonetheless it may be instructive to inquire whether the dissimilarities 
might conceivably have resulted from the higher proportion of northern 
observations involved in the fall curve. Accordingly, the data of 
Selection 1 have been sorted into two component regional selections, 
Selection 5 and Selection 6. The former is composed of sets from 
Oklahoma, Arkansas, Tennessee, North Carolina, and points south. 
Selection 6 is made up of the remaining sets of Selection 1, those 
from north of the section outlined.
When the data are subdivided in this manner, they are naturally 
more subject to chance variation and the graphs derived from them 
exhibit a less smooth progression. Hence no attempt has been made to 
plot the flight density averages of Selections 5 and.6 as curves. 
Instead, the plot points have been connected by straight lines to form
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Figure 10. Hourly average flight densities in autumn: northern and
southern states compared.
frequency polygons. Figure 10 shows the white line of the southern 
pattern against the dark background of the northern pattern. Contrary 
to hypothesis, it is the northern element in the original fall pattern 
of averages, not the southern, that more closely resembles the spring 
curve. The northern distribution, like the spring distribution, is 
shifted to the right,, later along the time scale. Moreover it shows a 
sharper peak; it is in technical terms, more leptokurtotic. Even 
vdthout tests of significance, it seems safe to conclude that northern 
data were not responsible for the differences between the computed 
curves for autumn and spring.
Baton Rouge and the Rest of the South Compared
An additional possibility, however, needs to be investigated.
On spring nights at Baton Rouge, as already mentioned (pp. 16-17), the 
observable migration usually undergoes an extraordinarily early decline. 
In 1948, Tew observations were made in Baton Rouge and the premature 
drop-off in the evening flights there had little influence on the 
general pattern of spring averages. Since 1948, Baton Rouge has been 
the center of moon-watching activity. It contributed 31 sets and 317 
hours of observation— more than any other single station— to the pool 
of data on which the autumnal curve of Figure 5 was based. The 
factors responsible for the Baton Rouge Drop-off have never been 
explained with complete satisfaction. If they persist in autumn, 
even in less drastic fora, they might, because of Baton Rouge’s heavy 
representation, influence the results for the whole South. Without 
data from Baton Rouge, the southern pattern might not be any earlier 
than the northern pattern.
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Figure 11. Hourly average flight densities in autumn: Baton Rouge
compared with the rest of the South.
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To test this possibility, the Baton Rouge sets used in Selec­
tion 1 were segregated as Selection 2. The remaining southern data 
became Selection 22. As is evident from Figure 11, the computed 
migration at Baton Rouge did reach an earlier peak than migration for 
the South in general. Yet, even with Baton Rouge eliminated, the 
southern pattern is not shifted far enough toward the later hours to 
coincide with the northern pattern.
Mention was made in the first chapter of an explanation that 
has been used to account for the early peak and early drop-off of the 
observed migration at Baton Rouge in spring. The flights are supposed 
to consist of birds that start the night's migration somewhere in the 
area between Baton Rouge and the Gulf of Mexico. Since this area is 
of small size, it is quickly exhausted of migrants. After an hour or 
two, most of the birds have already passed Baton Rouge and the 
telescopic counts there suffer a drastic slump. In autumn the 
situation is reversed. The greater part of the continent lies north 
of Baton Rouge, providing an inexhaustible source of migrants on any 
given night. If the alleged reason for the drop-off is the real 
reason, the spring pattern at Baton Rouge ought not to be duplicated 
when birds are coming south. In a sense, as we have just seen, the 
early spring peak is reproduced in autumn. Though it comes later 
with respect to twilight, it does occur at approximately the same clock 
hour. However, after the peak is reached in autumn, the computed 
migration volume does not undergo an immediate crash decline as in 
spring. It tapers off gradually to its pre-dawn minimum. The fact
that the spring and autumn results at Baton Rouge are alike in some 
respects, different in others, leads one to believe that the causes 
of the odd spring pattern are partly common to both seasons, partly 
peculiar to spring.
The Far West and Canada
When sets meeting all the specifications of Selection 1 
except the geographic requirement were combined as Selection 4 and 
the hourly means were plotted, the curve exhibited an extraordinarily 
late peak. This aberration was wholly produced by the two sets from 
extreme southern latitudes— #335 from Tuxtla Guttierez in Chiapas and 
#336 from Cerro Pena in the Canal Zone. With these data deleted 
Selection 4 was redesignated as Selection 21, representing the far 
western states and Canada. Since no sets from eastern Canada qualified 
for the present study, the grouping had a wholly western complexion.
The species of migrants in the region represented must have differed 
greatly from those concerned in the several patterns already considered.
The data for the Far West and Canada comprise only 22 sets of 
observations, fewer than any grouping heretofore discussed including 
the Baton Rouge selection. The mean densities for the 22 sets are 
shown by the white line in Figure 12. They are very low, bearing out 
the general belief that much less nocturnal migration takes place in 
the Far West than in the East and Mid-West. The amount of migration 
indicated is so small that its hour-to-hour variations are hardly 
perceptible on the scale of the graph. We must not conclude, however, 
that the proportional amounts of migration taking place in the different
Figure 12., Hourly average flight densities in autumn: 
Canada.
hours are lacking in pronounced variation. In a re'&tive sense, the 
pattern may not be so very different from the other regional patterns 
after all. If the amount of migration observed in the West had been 
equal to the amount of migration observed in the East and Mid-West but 
had been distributed like the birds of Selection 21, how would the 
western pattern have looked? To answer this question, I have increased 
the total magnitude of the western distribution arbitrarily to the 
magnitude of the eastern distribution, maintaining the relative 
magnitudes at the various hours. The method is the one employed in
computing the average pattern of fall migration (p. 39) and described
in the appendix (p. 182)-, except that here the adjustment has been 
applied to the hourly means, nqt to the individual flight densities 
that determine the means.
The black line in Figure 12 shows the results of this adjust­
ment. Here again is the familiar pattern of increase and decrease. 
Indeed the first half of the western polygon, with its peak in the 
11-12 p.m. hour, resembles the spring curve more closely than do some 
of the other plots already considered— the one for Baton Rouge, for 
instance. In the latter half of the night, western densities show 
marked irregularities. These are attributable to the reduced amount of 
migration occurring at these hours, to the tendency of small samples to 
exhibit more random variation than large ones. Note also that even 
on an adjusted basis, the western polygon neither rises so high nor
sinks so low as the other patterns.
As well as one can judge from the flight densities available, 
western migration seems not to be significantly different in pattern 
from eastern migration. Consequently, I have deemed it feasible 
to combine-eastern and western sets in some of the analyses that 
follow. But, before we turn to these analyses, let us look at two 
more geographic selections.
Memphis and Little Rock
Two stations besides Baton Rouge succeeded in obtaining 10 or 
more sets of observations long enough in duration to satisfy the require­
ments of Selection 1. These were Memphis, Tenn., where Ben. B.
Coffey's enthusiastic leadership has produced 17 watches of the 
stipulated length, and Little Rock, Ark., where the organizational 
efforts and personal tenacity of Mrs. John F. Rea have resulted in 
14 long watches. The Memphis sets constitute Selection 24; the Little 
Rock sets, Selection 23. Their average hourly flight densities, 
plotted in Figure 13, are n»re aberrant in pattern than any of the 
series of regional means. Mrs. Rea is personally convinced that the 
late secondary peak in the migration at Little Rock resulted from the 
influence of a river.
The Effects of Geographic Position
In summary, local hour-to-hour patterns sometimes depart 
rather markedly from the norm. Their peculiarities may be merely 
chance peculiarities arising from the smaller number of cases used in 
computing them. On the other hand, the results at least suggest that 
the temporal pattern at a single station may tend to be systematically
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Figure 13. Hourly average flight densities in autumn at two southern 
stations.
modified by real factors in the local situation. The channeling of 
migratory flights along rivers inevitably suggests itself as one such 
possible factor, and the ingenious tests conducted by James (MS) have 
provided evidence that migration along the Mississippi may actually be 
somewhat heavier than the migration a short distance away. Baton Rouge 
and Memphis, however, though situated on the Mississippi, both lie 
east of the river. Their observation cones are swinging toward the 
river in the hours before midnight. Their computed migration densities 
should therefore be later sustained than the averages for the country 
as a whole. Contrary to expectation, their peaks are not abnormally 
late but abnormally early.
When several local patterns are combined into one regional 
pattern, their peculiarities tend to be obliterated. Thus regional 
patterns are very similar to one another. Apparently the factors that 
cause the local departures from the norm are not confined to any one 
broad region; they are conmon to all regions. So we shall now continue 
our search for the factors influencing variation by examining some of 
the nongeographic variables.
VARIATION WITH MONTH AND WITH THE NIGHTLY VOLUME OF MIGRATION
The observational period of Selection 1 begins on September 1 
and ends on November 22. Thus the selection includes observations of 
species that migrate fairly early in the fall and species that migrate 
fairly late. As the season progresses and the kinds of migrants 
change, the nights gradually lengthen, permitting nocturnal migration 
to begin at an earlier and earlier time. Hence there are two logical 
reasons why one might anticipate monthly variations in the hour-to-hour 
pattern of flight density. Recalling the similarity of eastern and 
western patterns, we cannot consider the species factor very promising. 
But the changing time of twilight seems almost certain to exert a 
differential stimulus on the beginning, and subsequent development, of 
a night’8 flight.
Monthly Variations in Flight Density Pattern
The monthly selections used in the study of this aspect of the 
problem are a reassortment of the data in Selection 1, with the nights 
of transition from one month to the next omitted. They are numbered 
18, 19, and 20 for the months of September, October, and November 
respectively.
Figure 14 is a plot of the three patterns. The September and
t
October polygons are superior in magnitude, but similar in form, to
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Figure 14. Hourly average flight densities in autumn grouped by months.
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the general curve for Selection 1 (Figure 5). They resemble one 
another closely in the total amount of migration indicated, but one 
can tell at a glance that the October distribution falls a bit earlier 
on the time scale. As should be expected, the November migration is 
seen to be drastically inferior in volume. It is not so obvious how 
the November pattern compares on the time scale. Is it earlier or 
later, on the whole, than the September and October distributions? To 
find out decisively, it is necessary to locate the middle of each 
distribution, to ascertain the time of observation of the midmost 
bird. In September this median time was 11:22 p.m.j in October it was 
10:56 p.m.; in November, 10:38 p.m.
These medians must not be accepted as typical of the months in 
question. They are affected by the times of the month during which 
observations were made, since the observation's were not evenly distri­
buted throughout the whole season. As stated in Table III in the 
appendix, the average date of observation in each month (weighted for 
numbers of sets but not for numbers of birds within sets) was 
September 8, October 6, and November 4. While the median times cited 
apply mainly to the early part of each month, the average monthly 
dates are approximately the same distance apart on the calendar. Thus, 
in spite of the fact that they are not typical, these medians provide 
the basis for a valid seasonal comparison.
The comparison seems to indicate that the later the date, the 
earlier fall migration tends to occur on the nightly time scale. One 
is tempted immediately to accept the idea of a progressive month-to-month
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change in hourly pattern correlated with the changing time of twilight. 
The differences in temporal position of the three plots are not great, 
but they carry conviction because of the logical, easily explainable 
way in which they vary. On the other hand, we cannot test the 
statistical significance of these differences, and in the reasons why 
we cannot lie grounds for questioning their certain reality. If all 
the nightly watches were of equal length, we could determine the time 
of the midmost bird for each set of observations individually. Then 
we could study each monthly distribution of medians, compute its mean 
and standard deviation, and test for the significance of the difference 
between means. Unfortunately, since the sets are not of equal length, 
their individual medians are meaningless. How much better, then, are 
the medians of the monthly composite patterns? Perhaps, in the case 
of September, not too much, because so few sets are represented in 
the terminal hours.
In the case of November, which is inferior in number of sets 
at all hours, there is still another reason for uncertainty. The 
early median appears to be correlated with the time of twilight, but, 
even if this correlation could be proven real, we ought not to assume 
too quickly a relationship of cause and effect. Perhaps the two things 
are only indirectly correlated. Perhaps some other characteristic of 
November migration is the real source of its early position on the 
nightly time scale. Since November densities are typically of low 
magnitude, it may be profitable next to inquire whether hour-to-hour 
pattern varies with the volume of the nightly migration.
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Pattern and the Volume of the Nights Flight
Just as there were reasons to expect that the pattern might 
vary from month to month, so are there reasons to believe that it may 
be affected by the amount of migration taking place during the night 
as a whole. Up to this point, I have talked as though the veiy concept 
of pattern must include as its corollary the idea that 1000 birds 
perfectly observed will be distributed through the hours of the night 
in the same ratios as 100 birds perfectly observed. This notion is 
only partly true. In deference to European opinion and to coranon 
sense, it must be granted that not all birds have to react to the 
problems of nocturnal migration in the same way. Even though the 
majority of night migrants tended to be controlled by a conmon temporal 
rhythmn, there might be a substratum of other species whose flights are 
not time-correlated at all or not correlated in the same manner. At 
any rate we can confidently assume that lunar counts are contaminated 
by a certain amount of irrelevant activity— the movements of unrecognized 
insect8, bats, and nonmigrant birds. Since nocturnal and crepuscular 
animals must eat to live, they should be more constant in their 
visible presence from night to night than-the migrant birds, which do 
not have to forage after dark for their food* If so, their more or 
less stable numbers might make up a fairly high percentage of the 
count when real migrants are few, a much lower percentage when migrants 
are many. To express the situation in mathematical terras, the ’'equation" 
of hour-to-hcur pattern might be a series of ratios to >iiich some 
constant error is added:
6 to 7 p.m. volume : 7 to 8 p.m. volume = 1 X + C : 2 X + C'
where X is the number of birds in the first hour; C, the average 
contamination (error constant) in the first hour; and C1, the average 
contamination in the second hour.
From a literal point of view, it is ridiculous to formularize 
a migration pattern in this manner; but the device serves to illustrate 
a principle that may well be effective in the world of reality. As X 
is increased, the effect of C and C* becomes less and less important 
and the ratio more and more closely approaches its true value of 1 to 
2. Or, to put the matter in wholly concrete terms: as the amount of
migration increases, the effect of contamination decreases.
Classifying Sets According to Migration Volume
What really happens? For an answer, we shall analyze the data 
of Selection 7, which includes all seven-hour sets. As a first step 
these sets must be ranked according to their nightly volumes of 
migration, and they must be rated in such a way that mere inequalities 
in length of watch will not affect their position in the hierarchy.
In other words, a seven-hour set must not be ranked below a 12-hour 
set if its total number of birds is inferior merely because of the 
five missing hours. The rating method adopted was to compute the 
hourly means of the entire selection (#7) and to compare the flight 
densities in each set with the means for the corresponding hours. For 
example, a set extending from 6 p.m. to 2 a.m. was compared with the 
hourly averages from 6 p.m. to 2 a.m., and the sum of the densities 
in the set was expressed as a percentage of the sum of the appropriate
hourly averages for the selection* The resulting percentage ratings 
ranged from 1$ (four seta) to 1129$ for the big set at Commerce, Tex., 
on the night of October 1, 1952. Thus the heaviest migration in the 
selection was more than a thousand times as great in volume as the 
lightest migrationi Because its super-magnitude had already proven to 
be a disturbing factor in averaging, the Commerce set was not actually 
used. The next largest set was #226 from Laurel, Md., on the night of 
September 22, 1953. These observations, made by Chandler S. Robbins 
working alone with a wire recorder, had a rating of 809$. When all 
the sets of Selection 7 had been rated and ranked, they were classified 
into the follovdng groups! 15$ of mean or less— Selection 8; 16$ to 
35$ of mean— Selection 9j 36$ to 75$ of mean— Selection lOj 77$ to 
160$ of mean— Selection 11; 162$ to 809$ of mean— Selection 12,
Patterns of the Percentage Groups
The plots for Selections 8 to 12 appear in Figure 15. Here 
the hourly quantities are the true average flight densities. The 
graph reflects the tremendous range of magnitude in the computed 
nightly volumes of migration, a matter of considerable interest for 
its own sake. But these differences in volume make it difficult to 
decide if and how the pure patterns of hourly change in the various 
classifications differ from one another. Were the total magnitudes 
of the distributions for each class to be equalized, the resulting 
polygons would be superimposed in a confusing tangle of crisscrossing 
lines. I have tried to facilitate the comparison by preparing a 
series of five histograms (Figure 16) in idiich the columns for each
Figure 15. Hourly average flight densities in autumn classed according 
to the amount of the night's migration.
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percentage class (in white) are contrasted with columns (in gray) 
representing the average hourly flight densities of the combined 
distribution (that is, of Selection 7).
All this may sound hopelessly involved. So let me restate the 
objectives of the graph. We have here five groups of sets classified 
according to the total amount of migration in each set. The hourly 
means for each of these groups vary in a certain way. We want to know 
whether or not the pattern of this variation is similar in all the 
groups. Is the proportion of low-density migration (15$ of average 
or less) greater or smaller than the proportion of high-density 
migration (162$ to 809$) occurring in the sans hour? The practiced 
analyst can answer this question by inspecting a graph like Figure 15; 
but even he cannot determine in this manner how much the two proportionate 
amounts differ from each other. For a clear comparison, these groupings 
that we have so carefully differentiated according to the volume of 
migration, all must now be brought to the same volume, preserving, 
however, the original hourly proportions in each group. When that has 
been done, the five distributions assume the form shown by the narrow 
white columns in Figure 16. In each of the five diagrams of the 
figure, the distribution of the grand averages for all groups are shown 
as a series of broad gray columns, repeated without change. These 
gray columns provide an unvarying standard of comparison that enables 
one to see at a glance exactly how the superimposed patterns of the 
percentage groups differ from one another. Remember, as you study these 
graphs, that, if the heights of all the columns in each distribution, 
gray or white, were totalled, they would add up to the same sum.
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Figure 16. Patterns of hourly average flight density with total magni­
tudes equalized: classed according to amount of migration.
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Each hourly value represents, therefore, the proportion of the entire 
night's migration that occurs at that hour.
The columns of the first class (15# or less) rise high above 
average in the first and last part of the night. From 9 p.m. to 4 a.m., 
they fall below average. The columns of the second class (16% - 35%) 
present a similar picture but with their excess over average in the 
first and last parts of the night somewhat reduced and their deficien­
cies in the intervening period somewhat improved. As one proceeds 
through the higher classes, the early proportional densities continue 
to diminish and the middle proportions continue to increase. The late 
proportions behave variably. In the final class (162% - 809%), the 
middle proportional densities exceed the average densities, and it is 
the terminal proportions that are deficient. Individually, however, 
the hourly densities behave somewhat erratically, and the trend can be 
better seen if we compare the total proportional density by four-hour 
periods:
6 - 1 0  p.m. 10 p.m. - 2 a.m. 2 - 6  a.m.
11560 10530 4580
11330 11990 3670
10870 12370 3730
9970 12690 4280
8620 14780 3590
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The top row is for the nights of lightest migration (15% of 
average or less), and the other percentage classes follow in the order 
of their magnitude. Note that the first column, representing the 
first third of the night, forms a perfect descending progression: 
each succeeding figure is lower than the one above it. The figures for 
the middle third of the night, on the other hand, fall into a perfect 
ascending progression. The figures for the last third of the night 
fluctuate.
Such progressive variation, evident in 10 terms of a 15-term 
array is not likely to be due to pure chance. I think we must concede 
that the flight density pattern does change as the total amount of the 
night's migration changes. Why it does so is not so clear. The 
differences between the numbers of the first column, like the numbers 
themselves, also form a perfect progression. Reading from top to 
bottom, they are 230, 460, 900, and 1350. The change in the proportional 
amount of migration occurring in the first third of the night becomes 
greater the further one goes up the hierarchy of percentage classes.
This trend is the opposite of the one we should expect on the basis of 
the "migration pattern formula." As the amount of real migration is 
increased, the effect of the error constants C and C' becomes less and 
less important. The patterns of the higher percentage classes should 
be more alike than the patterns of the lower percentage classes. The 
fact that they are not indicates that the reasons why the total amount 
of migration affects the hourly proportions are more complex than 
those postulated. Further speculation on this matter hardly seems 
profitable at the present time.
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Is the Pattern Modified by the Time of Twilight?
We may return now to our original question: whether or not
raonth-to-month differences in pattern are to be explained by the 
changing time of twilight or by other factors. Are the flight densities 
for the early hours of the night in November proportionately higher than 
average because darkness comes earlier or merely because abnormally 
high early densities are a characteristic of low-magnitude sets? In 
an attempt to answer this question, I had November sets above 35% of 
average segregated as Selection 29. The resulting pattern was qvdte 
unlike the results for November as a whole. The flight densities 
began very low and did not reach their peak until the 11 o'clock hour. 
Reference to Table II in the appendix, however, will show ttet very 
few sets were able to qualify for Selection 29. There was only one 
set in the first hour, and the highest number of sets in any hour was 
five. So little reliance can be placed on averages of this sort thai 
I have not even bothered to reproduce the graph.
If we perform the converse of this operation by deleting 
November sets from the two lowest percentage groups (Selections 8 and 
9), good representations of sets remain in both cases. Minus November 
data, the lowest percentage group becomes Selection 27J the next 
lowest becomes Selection 28. The median for Selection 8 (lowest class 
with November included) is 10:21 p.m.j the median for Selection 28 
(lowest class with November omitted) is 10:36 p.m. The median for 
Selection 9 (16^ - 35^ class with November included) is 10:48 p.m.; 
the median for Selection 28 {16% to 35% class with November omitted) 
is 10:53 p.m. Thus, while low-magnitude sets as a whole tend to be
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early in their incidence, low-magnitude 3eta in November tend to be 
even earlier. We can provisionally conclude that flight densities 
patterns are probably affected by the time of twilight,
' This problem lends itself to further investigation. The tine
of twilight is not a simple, direct function of the advance of the 
season. It varies also with latitude and with the position of a 
station in the tine zone. Therefore, a definitive analysis of the 
relation between twilight and pattern will be rather complex. It has 
not yet been attempted.
Effects of Dav-length on Pattern
The method of computing flight densities was not adopted with 
the study of hour-to-hour pattern specifically in mind. The simplest
and best way to set up the one-hour time intervals seemed to be on a
straight clock basis— 6 p.m. to 7 p.m., 8 p.m. to 9 p.m., 9 p.m. to 
10 p.m., and so on. The spring analysis, restricted by the shorter 
duration of the dark period and by limitations of data, did not and 
could not reveal the shortcomings of this procedure. It now appears 
that the intervals should have been based on the time of twilight or 
of sunset— the first 60 minutes after sunset, the second 60 minutes 
after sunset, and so on. The present practice combines into the same 
mean intervals that are not quite the same from a natural standpoint. 
We average the migration for 10 to 70 minutes after twilight with the 
flights for 20 to 80 minutes and 30 to 90 minutes after twilight.
The resulting ooraputed patterns do not sharply define such real 
patterns as may exist in nature. It is as though a series of similar
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curves were overlaid one on the other without perfect registry. Peaks 
become blurred and slopes become modified.
To remedy this defect, one would have to redo all the density 
calculations beginning with the very first step of the computation.
Such a course is not practicable, and it is doubtful Wiether the 
revised flight densities would be as good for some purposes as the 
present ones. The current procedures do not destroy the main features 
of the variation anyway; but as we look at the curves and polygons 
that result, we must remember that they are approximate representations, 
somewhat blurred and somewhat out of focus.
• The relations of hour-to-hour pattern to twilight offer an 
explanation of the differences between the curves for spring and 
autumn (Figure 5). In spring the days are longer, the nights shorter. 
Thus the nightly crest of spring migration, similar to the crest in 
autumn with relation to the beginning of darkness, comes at a later 
nominal hour. The shift in peak is not, however, as great as the 
shift in twilight that occurs between the two seasons. The autumnal 
selection includes more data from northern stations, where the nights 
are shorter during the main part of the fall observing period. In 
other wrds, the effect of latitude on the dark period partly counter­
acts the effect of season. Consequently the northern peak in autumn 
falls closer to the southern peak in spring than to the southern peak 
in autumn (compare Figures 4 and 10). At the same time, the combining 
of two curves with distinctly different peaks into one in autumn 
produces a composite peak that is not as sharply defined as the more 
homogeneous peak in spring (see Figure 6).
A peculiarity of the autumn pattern not heretofore discussed 
is the narked change in slope that occurs between the first and second
hours (Figure 5). This too may be related to the matter of twilight.
The fall curve begins in the 6 o'clock hour; the spring curve does not 
begin until the 8 o'clock hour. But the average times of twilight 
for the two seasons are not two hours apart. With fewer data available 
in spring, it was not practicable to begin the curve so near to sunset.
However, even in the fall period, darkness seldom set in at 6 o'clock,
so the observations were usually obtained late in the 6 p.m. to 7 p.m. 
interval. The densities contributing to the average for that hour are 
in most cases the rates of migration per hour for the last half hour 
or quarter hour of the interval. Strict accuracy would demand that 
the plot point be moved closer to 7 o'clock than to 6, and with that 
adjustment the change in slope would be less striking.
Everything considered, there seems to be scarcely any difference 
at all of biological note between the curves at the two seasons, except 
the total numbers of birds involved. But we have not yet investigated 
every factor that may affect the fall pattern. Three other possible 
sources of variation remain to be considered in the next chapter.
OTHER FACTORS INFLUENCING HOUR-TO-HOUR PATTERNS
The idea that the moon itself may affect the tides of migration 
as it affects the tides of the sea sounds a bit imaginative. But there 
is nothing at all fantastic in the suspicion that it may influence the 
apparent amount of migration at different hours through its effect on 
our ability to measure the flow. Consequently, we shall next inquire 
whether different patterns develop at different stages of the lunar 
period, or lunation as it is called.
Variation of Pattern with Date in Lunation
In the work at Louisiana State University on migration and the 
moon, the various nights of the lunation have been assigned abbreviated 
designations. The dark period nearest the hour at which the moon 
becomes full is identified as F, the preceding night becomes F-l, and 
the following night F + 1. The other nights are numbered accordingly. 
Most of the data we have been reviewing here was obtained from F-2 to 
F + 2. The separate patterns for these five nights are shown in 
Figure 17. The selections on which the averages are based are, in 
consecutive date order, numbers 13 through 17.
In this pattem-of-the-average form, the graph is not very 
illuminating. We could convert the hourly values to proportional 
densities and depict them in a series of histograms, as was done in 
the case of the percentage groupingsj but I shall bypass this step
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Figure 17. Hourly average flight densities in autumn grouped according 
to date in lunation.
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and proceed directly to a study of the times of the medians. Since 
the polygon for F-2 does not extend into the 5 a.m. to 6 a.m. interval, 
these medians could be computed for the 6 p.m. to 5 a.m. period only. 
They are as follows:
F + 2 (two nights after the full ntoon) 11:46 p.m.
From F - 1 to F + 2, these median times form an unbroken 
progression, a progression indicating that the bulk of the computed 
migration is later and later each night. This trend parallels the 
shift from night to night in the time that the moon reached the peak 
of its orbit. The median for F - 2  does not fit the progression, 
being later than the center of the distribution for F - 1 and nearly 
as late as the center for F. However, the F - 2  pattern is a highly 
aberrant one, and its most unusual feature, the high initial flight 
density, is associated with a position of the moon that is relatively 
high for the first hour.
The evidence that time of the lunation is a factor in determining 
certain features of the hour-to-hour pattern is thus fairly strong. But, 
knowing as we do that other factors produce similar results, we should 
view this evidence with one eye on Table III of the appendix. There 
we find that the average dates for the five selections are only three
F-2 (two nights before the full moon) 
F-l (one night before the full moon)
F (night of the full moon) 11:05 p.m.
11:02 p.m.
10:40 p.m.
F + 1 (one night after the full moon) 11:31 P.m.
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days apart. Thus it is hardly likely that the time of twilight had 
anything to do with the difference in medians. Furthermore, the average 
index of volume is reasonably high in every case except that of the 
F + 2 selection, vdiich, in spite of its low volume, does not display 
the characteristic earliness of low-volume sets as a whole. The F 
value of a set, therefore, seems to be a third independent factor that 
helps to determine how early or how late the distribution of the set 
will be on the nightly time scale.
The question arises whether the F values of previous selections 
may have been a hidden factor in the variation of these selections. 
Further consultation with Table III will convince one that this can 
hardly be the case. All the percentage classes average close to F, as 
do also the September and October selections. The mean for November 
is closer to F + 1, but the November pattern is early in spite of this 
circumstance.
Variation in Pattern with the Maximum Altitude of the Moon
The results of the analysis in the preceding section pose a 
momentous question. Why does the hour-to-hour pattern of flight 
density vary with the date in the lunation? Does it do so because 
there is actually more flight activity in the hour when the moon 
reaches the crest of its orbit and sheds its greatest radiance? Or 
does it do so merely because our correction factors are hipest in the 
hour when the moon is highest? In other words, does the space-correction 
procedure described in the second chapter (p. 24) over-correct for the 
assumed small size of the observation space when the moon nears the
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peak o f i t s  o rb it?  Does i t  thereby  c re a te  an a r t i f a c t u a l  p a tte rn  
th a t  does not e x is t  in  nature  i t s e l f ?
These are questions very difficult to answer by sheer analysis 
of numbers. The postulated effectors in the two opposing hypotheses 
are so closely correlated that it is almost impossible to dissociate 
them. The correction factor is always highest at the hour when the 
moon is highest. However, the altitude of the moon at the crest of 
its orbit does vary considerably .from night to night. Hence the size 
of the maximum correction factor from night to night varies considerably 
also. It has occurred to me that on nights when the moon rises high 
into the sky, bringing very large correction factors to bear, these 
factors if false should create immoderately high flight densities.
The co n tras t between th e  maximum f l i g h t  den s ity  and th e  minimum f l i g h t  
d e n s ity  on these n ig h ts  should be much g re a te r than  on n ig h ts  when the  
lu n a r o r b it  is  c o n s is te n tly  low . A ccord ing ly , 1 set up S e lec tio n  30 
co n s is tin g  o f s ta t io n -n ig h ts  on which the moon had reached an a l t i tu d e  
o f 70° o r more. S e lec tio n  31* made up o f  s ta t io n -n ig h ts  on which 
th e  maximum a l t i tu d e  o f  the  moon was 4 0 °  o r  le s s , was used as a c o n tro l.  
To heighten the expected c o n tra s t, sets  in  the 4 1 °  to  69° range o f  
maximum a l t i tu d e  were no t inc luded in  th e  a n a ly s is .
In Figure 18 , the distributions of the two altitudinal groups 
are contrasted on a straight flight density basis. In spite of the 
larger correction factors involved, the average flight densities for 
the high-altitude group are lower at all hours than the corresponding 
densities for the low-altitude group! In Figure 19 , the total numbers
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Figure 19. Patterns for altitudinal classifications with total 
migration volumes equalized.
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of birds in the two distributions have been equalized by increasing 
both to the average nightly magnitude of Selection 7. In other words, 
this graph shows proportional densities. Even on this basis, the 
high-altitude polygon fails to develop the steep slopes that it should 
develop if large correction factors exaggerate the amount of migration 
taking place. Indeed, the contrast between maximum and minimum density 
is more pronounced in the low-altitude polygon.
Looking at these graphs in retrospect, I am inclined to 
question the design of the test. It was an attempt to cut swiftly 
through the complexities of the problem, but it seems to have foundered 
in those complexities. Most of the previous selections we have 
contrasted were fairly well balanced with regard to all factors except 
the one under scrutiny. Such is not the case here. Particularly 
disturbing is the fact that the average date of the high-altitude 
selection is October 18, while the average date of the low-altitude 
selection is September 9. It is obvious that the high-altitude results 
were heavily influenced by the atypical, low-volume sets of November.
I do not believe that these results eliminate the possibility that the 
variation in patterns from one date of the lunation to the next is 
factor-induced.
Variation in Pattern with Flight Direction
Usually on a night when the moon is under observation, some 
of the objects seen are moving counter to the seasonal direction of 
migration. That is, thqy are flying south in spring and north in 
autumn. At the latter season, wrong-way flight is especially in
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evidence and not infrequently it produces directional patterns in 
which all points of the compass show some activity. The suspicion 
seems well founded that many of the silhouettes proceeding northward 
in autumn do not represent birds at all and that even the birds so 
doing are not engaged in regular migration. One would not anticipate 
that such aberrant activity would display the customary hour-to-hour 
pattern of normal nocturnal migration. If it did so, the result would 
seem to be a nonsense result, tending to discredit the reality of that 
pattern.
When we turn attention to this aspect of pattern, we are no
longer looking for variance between sets of observations, we are
seeking variance within the sets themselves. Therefore we are no 
longer contrasting selections of sets. The data subjected to this 
analysis are the data of Selection 1, but each of the 1,860 hourly 
flight densities making up this classification had to be split into 
its northward and southward components. For this purpose, every
object moving from south of an east-west line to north of such a line
was considered part of the northward component. Every object proceeding 
from north of the line to south of the line was placed with the south­
ward component.
Plotted on the basis of its absolute flight density values 
(Figure 20), the distribution of the reverse flyers appears as a 
nearly formless pattern of extremely low magnitude. The polygon of 
the normal flyers, on the other hand, closely approximates the original 
pattern of Selection 1. In the course of the analysis, net flow
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Figure 21. Kour~to~hour- p a tte rn  f o r  northward f l i g h t  w ith  t o t a l  
volume o f m ig ra tio n  increased to  average volume.
densities representing the southward flight minus the northward 
flight were also computed. The theory behind this procedure is that, 
if silhouettes moving in the wrong direction are part of the direction- 
ally random flight of nonmigrants, there should be an approximately 
equal number of nonmigrants concealed among the birds flying in the 
right direction. The deviations of the net flow densities from the 
unmodified southward densities were so negligible that the net flow 
polygon has not been reproduced.
The real interest lies in what happens to the pattern of north­
ward flight when its magnitude is arbitrarily increased. Figure 21 
depicts the polygon raised to the same level of volume as Selection 1. 
Here the first half of the pattern is seen to be highly erratic, as 
one would expect if the density factors do not have the power to 
impress their own form on any distributionj but the densities in the 
last half of the night are perfectly progressive in the familiar 
manner that we have come to associate with real migration.
What does this mean? I cannot say for certain. Perhaps the 
northward element before midnight and the northward element after 
midnight are separate phenomena. Perhaps, the objects moving in the 
wrong direction in the early hours are mostly nonmigrants, while those 
in the later hours are mostly migrants. This idea is a bit more than 
pure conjecture. Studies now in progress have indicated that migration 
counts are most subject to contamination by bats and insects in the 
early hours of the night. Other studies suggest that after midnight, 
as migrants are descending to earth, their computed directions tend to 
deviate from the directions of straightaway flight. Actually, however,
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no one is yet in a position to judge whether or not the results of the 
present directional analysis fit the flight density theory.
The directional analysis of flight density patterns completes 
the first phase of the study of the hour-to-hour variation of nocturnal 
migration in autumn— the phase that forms the primary subject of this 
report. It is to be hoped that the work so far reviewed constitutes 
progress toward an understanding of the nocturnal behavior of migrating 
birds. However, these analyses have raised many more questions than 
they have answered. The study of these questions is being continued 
in many directions. In the discussion that concludes this report, 
allusion will be made to several additional investigations that have 
not yet reached a stage of completion.
ARE FLIGHT DENSITIES TRUE MEASURES OF MIGRATION?
In the preceding chapter, we have seen how flight density 
patterns behave in a variety of different circumstances. We have seen 
that they vary with season, with the months within the seasons, with 
the total amount of migration, with the phase of the moon, and with 
the gross direction of flight. But the most striking thing about all 
this variation is its subtlety. Some rather marked departures from 
the general pattern have been noted, for example, the early peaks at 
Baton Rouge and Memphis, the bimodal plateau at Little Rock, the 
pre-dawn pick-up in the Far West, and the fluctuations, during the 
first half of the night, of objects flying in the wrong direction.
But the averages in most of these cases were based on very few sets 
of observations. Whenever many sets are combined, they produce 
extraordinarily similar patterns of hour-to-hour increase followed by 
hour-to-hour decrease.
The Rhythm Hypothesis
The failure of varying external factors to affect the hour-to-hour 
pattern in any very drastic way creates a strong initial impression that 
the pattern is intrinsic, dependent on some activity rhythm in the birds 
themselves. This idea finds support in the observations of migratory 
restlessness in caged migrants carried out in Europre and more recently 
in America (see Eyster, 1954). The activity of caged birds, like the
activity of birds in the sky, seems to increase in the first part of 
the night and to decrease in the latter part. Indeed, the timing of 
the two phenomena often appear correlated even from hour to hour.
Yet, when one attempts to explain the one effect in terms of the other, 
difficulties arise. If all migrants reacted in the same way to the 
same inner surge of rising excitement during the early hours of the 
night, there would be no gradual increase in the numbers of birds in 
the sky. The empty air would fill with migrants very suddenly, and 
the amount of passing migration would remain approximately the same 
for several hours, finally to cease as abruptly as it began. Variation 
in the numbers of migrants aloft can only be produced by variation in 
their response to the inner stimulus. It cannot result directly from 
the behavior pattern itself. Viewed in this light, flight density 
patterns are not evidence for, but evidence against, a perfect and 
uniform periodicity among nocturnal migrants.
Taken at their minimum value, curves of migratory restlessness 
merely reflect the behavior of migrants constrained from giving full 
expression to a basic urge. There is no necessity that their mounting 
frustration should be directly correlated with the events taking place 
in the sky. Nevertheless, migratory restlessness is certainly related 
to the act of migrating and may indeed indirectly influence the chang­
ing volume of flight. We can interpret the behavior of the caged 
birds to mean that nocturnal migrants have a strong disposition to 
fly during the four or five hours following dusk. After that time, 
the urge usually remains sufficiently strong to keep them aloft for
an additional period, but it is no longer powerful enough to overcome 
a bird's initial reluctance to leave the ground. Various factors that 
cannot be precisely identified may delay the take-off of the individual 
migrant, but, if these factors persist past 11 p.m., the bird will not 
migrate that night. The first four or five hours of darkness are 
therefore a period of accretion, during which additions to the flight 
overhead are cumulative and the number of birds on the wing gradually 
increases. Thereafter, with the source of additional birds shut off, 
the amount of migration can vary in only one direction, if it is to 
vary at all. It must eventually decrease.
To repeat, curves of migratory restlessness express variation 
within birds; the curvature of flight density patterns expresses 
variation among birds. If the variation of the first type were uniform 
from bird to bird, there could be no variation of the second type. 
Continuous change in ths nunbers of birds in the sky can develop only 
from variations in the pattern of migratory restlessness in different 
birds or from variations in their response to that pattern. Inner 
rhythms in birds might impose certain characteristics on a flight 
density curve, but some additional principle or agency external to the 
bird is needed to give the curve its ultimate ascending-descending form.
The Factor Curve
Whatever the principle or agency is, it must be something 
remarkably consistent in its operation from region to region and from 
seasonal period to seasonal period. Otherwise the long succession of 
flight density patterns that appear in the preceding chapters would not
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have been so essentially similar. If differences in behavior patterns 
or differences in response to these patterns create the form of the 
density curve, then these differences must be distributed in much the 
same way in the West and the East, in the North and the South, in May 
and October. The differences among individual birds must be greater 
than the differences between groups of species.
If the analyst frankly asks himself what is the greatest common 
denominator of all nightly series of flight densities, he can give but . 
one answer. It is the set of factors he applies to the original lunar 
counts in an effort to rid them of the error caused by the movement 
of the moon. To be sure, the same set of factors is not used with all 
sets of observationsj but during the week centered on tbs full of the 
moon, the week of the lunation when all the watches making up Selection 
7 were conducted, every set of factors has the same general trend. The 
hourly factors begin low, increase to a peak somewhere in the middle 
third of the night, and decrease thereafter.
Inasmuch as the correction factors are now available in tabular 
form, it is possible to reconstruct the actual factor curve of a 
selection. In Figure 22, I have plotted the curve for Selection 1 as 
though only a single bird had been seen in each hour of observation.
The factor employed in each case is the one for a bird crossing the 
short axis of the observational ellipse (Figure 2). It is therefore 
the maximum correction factor at each appropriate hourly lunar altitude. 
The one-bird densities were computed for each set individually, then 
averaged to obtain the values shown in the graph.
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Figure 22. Curve of altitudinal correction factors for Selection !•
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The factor curve (Figure 22) and the corresponding density 
curve (Figure 5) have a disturbing amount of similarity. Both are 
of the ascending-descending type. Both show sine-curve form on the 
upslope. And both have rounded peaks. The comparison shows that, 
if the opportunity to see birds were equal at all altitudes of the 
moon, requiring no correction or compensation, and if the same number 
of birds were passing at all hours, the present correction factors would 
nevertheless create an artifactual curve resembling the actual density 
curve in many ways. There is, however, one outstanding dissimilarity—  
the peak of the factor curve occurs two hours later than the peak of 
the density curve. Or, to put the matter a bit differently, the 
flight density averages increase faster in the first part of the 
night, and decrease faster in the latter part of the night, than the 
corresponding factor averages. Much additional work has been done on 
the relationship of density factors to the variation in computed 
densities, but, since these studies have led to no further clarifi­
cation of the problem, I shall not review them here.
Patterns of Time-ad.iusted Counts
Though the degree of resemblance between density curves and 
factor curves was previously uncertain, their general similarity has 
always been realised. The belief has been, however, that the factor 
pattern does not produce the flight-density pattern but merely reveals 
real changes in the amount of migration that are otherwise hidden by 
the changing size of the sample. The resemblance of the factor 
pattern to the picture of migration it engenders has been considered
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purely fortuitous. In the original study of spring migration, this 
idea was supported by the fact that in many cases the plotting of the 
actual number of birds seen, without the application of any numerical 
factors whatever, resulted in an ascending-descending curve. The 
corrective procedure merely intensified an effect that was already 
there. Lowery (1951s 417-419) made use of this evidence in evaluating 
the various alternative hypotheses that could be applied to the 
hour-to-hour pattern of migration in spring.
For t h is  purpose, he s tud ied  in d iv id u a l sets  o f d a ta . He d id  
not compute the  h o u rly  means o f the raw counts. Thus th e  n e t e f fe c t  
o f the ascending-descending v a r ia t io n  remained somewhat u n c e rta in .
Since the exact pattern of the hourly average counts now seems, of 
critical importance, I have plotted the curve using data adjusted for 
lost observing time only. In Figure 23, the hourly average time-adjusted 
counts for spring are compared with the corresponding counts for autumn.
On this basis, the patterns for the two seasons become strikingly 
dissimilar. The dark line of spring does indeed ascend in the first 
part of the night and descend in the latter part; and the peak count 
comes only one hour earlier- than the peak density. In contrast, the 
ascending phase for autumn is barely developed, and the trend of the 
distribution is almost wholly downward. Note, however, that the 
differences between the two distributions are greatest in the early 
part of the night. After midnight, the trends are not unlike, even in 
their fluctuations.
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Why are the spring and fall patterns so much more alike on a 
density basis than on a count basis? By subjecting data from both 
seasons to the same correction system, a system with a characteristic 
plot curvature of its own, have we merely poured two different accumu­
lations of data into the same mold? Or has the correction system 
succeeded in showing a real similarity in the behavior of spring and 
fall migrants, a similarity that lies concealed in the raw data?
Whatever the answers to these questions may be, it seems likely 
that, had our previous analyses of the various autumnal selections been 
carried out with time-adjusted counts instead of flight densities, the 
resulting patterns might not have been nearly so similar.
Assumptions in the Flight Density Hypothesis
The theory of telescopic sampling developed by Lowery and 
Rense and described in this report (pp. 10-14 and 23-25 ) has always
seemed to me very convincing, but it does rest on certain unproven 
premises. These premises are that the vertical distribution of 
migrants is more or less stable from night to night and that few birds 
passing through the field of a 20-power telescope are too far away to 
be seen.
It has long been assumed that on nights with a low cloud 
ceiling migrants fly at lower levels than normally. The increased 
audibility of their flight calls at such times and the frequency with 
which they strike obstacles support this conclusion. But there has 
been no particular reason to suppose that from one clear night to 
another the vertical distribution of the migration undergoes any radical
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change. Certain implications in the recent work of Raynor (1956) may 
require that the likelihood of varying vertical distribution be re­
assayed. If most migrants seek the elevation where there is a stable 
flow of air moving in the right direction, they will often be obliged 
to alter their flight levels considerably.
The visual premise is based on two estimates— the probable 
upper limit at which migration takes place in force and the ultimate 
probable distance at which an observer with a 20-power telescope can 
see an object of a certain size. It has been assumed on the basis of 
the available evidence that few ni$it migrants rise to elevations more 
than one mile above the earth. In an unpublished study of the question, 
Rense has calculated that the observer should be able to see an object 
two inches long two miles away. In an independent test, using eye 
charts marked with crosses simulating a bird with outstretched wings, 
John L. Chapin (in litt.) has found reason to believe that the observer 
could discern a migrant 10 inches long 10 miles away. Thus both 
approaches have led to the same conclusion— that the distance in miles 
at which a bird can be seen through a 20-power telescope is equal to 
its length in inches. When the moon is at an altitude of 20°, an 
object one mile above the earth is approximately 2.9 miles away from 
the observer. When the lunar altitude is 10°, such an object is 
approximately 5.8 miles away from the observer. Since among North 
American migrants only the hummingbirds are less than three inches in 
effective length, virtually no birds at all passing through the cone 
of the telescope when the moon is at the 20° position should be beyond
the range of vision. Since the average nocturnal migrant is at least 
five to six inches long, most migrants in the cone remain theoretically 
visible even when the moon is at an altitude of only 10 degrees. How­
ever, neither approach takes into account the effects of atmospheric 
interference, of movement on the part of the object, or of looking at 
an object in silhouette rather than by reflected light. Hence the 
practical limit of visibility may be rather different from the 
theoretical limit of visibility. In 1954, Dr. Lowery and I started 
actual field tests of the visibility of birds in silhouette, using 
moving models of graded sizes sliding past an illuminated screen.
These tests were interrupted before we reached any very definite con­
clusions, but we felt that the estimates of Rense and Chapin were at 
least somewhat overly optimistic.
An Alternative View of the Effect of the Moon on Sampling
If the actual upper limit at which nocturnal migrants fly were 
two miles instead of one and if the actual practical limit at >Aiich we 
could see birds of average size were also two miles, then the original 
concept of the effect of the moon on sampling (Figure 1) would have to 
be radically revised. The effective field of vision of the telescope, 
being only two miles long at the outset, would never rise out of the 
stratum where birds are flying. The size of the sampling space would 
remain the same all night long, and no space-correction factors would 
be required. If we applied such factors to the counts, their tendency 
would be to produce a wholly artificial curve, reflecting their own 
systematic hour-to-hour trend.
If the majority of the migrants were travelling in the upper 
reaches of the migration stratum, the disturbing effect of the factors 
could be even more drastic. When the moon was low, a field of visi­
bility two miles long would not be long enough to extend into the upper 
part of the migration stratum, the part where the flight was most dense. 
As the moon climbed higher and higher into the sky, more and more of 
the field of visibility would be brought into the zone where the most 
birds were. The opportunity to see birds would be increasing, and the 
later counts would need to be revised downward for a fair comparison 
with the counts made when the moon was lower. By increasing, instead 
of decreasing, the later counts, the present correction factors would 
intensify the very condition they propose to remedy. If the level of 
migration were subject to marked change from night to night, the 
correction factors might function perfectly on some nights, and not 
work at all on others.
I do not consider this hypothesis better than the original 
one. I do not even believe that the extreme conditions postulated 
are very likely conditions. I do, however, think it not improbable 
that the principles involved may be effective at some times and in 
lesser degrees. In other words, the density factors probably involve 
some element of over-correction.
The 15-Night Tests
Although nearly all the observations considered up to this 
point were made during the five-day period centered on the night of 
the full moon, lunar studies are not rigidly confined to this period.
Observing is practicable a whole week before the night of the full 
moon and a whole week after. Figure 24 shows the paths and phases 
of the moon, as seen at Baton Rouge, in one such 15-night period, 
that of September 25 to October 9> 1955. The diagram is divided into 
three parts, representing the early, middle, and late portions of the 
period. In each of these three subdivisions, the relations of the 
orbit of the moon to the time scale is different. From September 25 
to 28, the altitude of the moon is mostly decreasing in the first 
half of the night. From September 29 to October 3, the altitude tends 
to increase in the first half of the night and to decrease in the 
latter half. From October 4 to 9, it is increasing during nearly all 
of the time that the moon is visible.
Since the  c o rre c tio n  fa c to rs  la r g e ly  depend on the a l t i tu d e  o f  
th e  moon, th ey  too  are  changing in  r e la t io n  to  the  tim e  s c a le . I f  
the  fa c to rs  e f fe c t iv e ly  serve t h e i r  purpose and i f  the  h o u r-to -h o u r  
v a r ia t io n  o f m ig ra tio n  i t s e l f  is  not a c tu a l ly  m oon-con tro lled , the  
f l i g h t  d e n s ity  p a tte rn s  f o r  th e  e a r ly ,  m id d le , and la t e  periods should 
resemble one another ra th e r  c lo s e ly . These p a tte rn s  should be more 
a l ik e  than the corresponding p a tte rn s  o f tim e -a d ju s te d  counts. I f  
the  f l i g h t  d e n s ity  p a tte rn s  change more from  one p a rt  o f  the  p erio d  to  
another than the  p a tte rn s  o f the counts do, the evidence w i l l  be strong  
th a t  the present c o rre c tio n  fa c to rs  increase the e r r o r  caused by the  
movement o f the moon in s te a d  o f  decreasing i t .
Observations covering 14 or more nights were obtained at Baton 
Rouge in the lunations of August-September 1952, September-October 1952,
A L T ITU D E S OF THE M O O N  Baton Rouge: Sept.-Oct., 1955 .{
Figure 24. Altitudes of the moon at Baton Rouge: Septembep-October,
1955.
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October 1953, and September-October 1955. In 1952, a number of people 
participated in the work; in 1953, I attempted to watch the moon 
personally for a part of every hour and was helped by a small group of 
seasoned observers; in 1955, I made all the observations myself, 
usually resting for 20 minutes out of evexy hour. My object in limiting 
personnel in 1953 was to reduce the possibility of variations due to 
different abilities of observers. My reason for working alone in 1955 
was to make my own judgments concerning the identities of the various 
objects crossing before the moon.
The hourly flight densities and time-adjusted counts for these 
observations are given in Table I of the appendix. The hour-to-hour 
pattern of these quantities is very difficult to analyze because of 
the great differences in the lengths of the sets. None of the methods 
applied so far have been wholly satisfactory. I am deferring a full 
report on this phase of the work until additional studies of the data 
have been made. I can say, however, that the nightly peaks of flight 
density for October 1952 very definitely tend to occur at the time of 
the maximum altitude of moon. This concordance seems to bear out the 
idea that some features of the flight density patterns are artificial; 
but the data from the other three lunations do not give quite the same 
results.
The Problem of Contamination
Many of the silhouettes seen against the moon at Baton Rouge 
are tiny and many of them pass very swiftly. Such images cannot be 
definitely recognized as those of birds or not of birds. Records of
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known bats and insects are deleted from migration counts, but these 
objects of uncertain identity are generally included. If a great many 
of the unknowns are not birds, their discordant hour-to-hour patterns 
of activity might obscure the true hour-to-hour pattern of migration.
Nocturnal studies of the distribution of insects in the air 
have been made near Tallulah, Louisiana, by means of airplane (Glick, 
1939)• The results show that there are more insects aloft in this 
region in October than in any other month. The stratum of greatest 
abundance is below 500 feet. Since three of the 15-night tests of the 
hour-to-hour pattern of migration at Baton Rouge were made in October, 
the heavy contamination of the bird counts by insects is a possibility 
that vastly complicates interpretation of the data.
During 15 n ig h ts  o f  observation  in  October 1955# I  attem pted  
to  c la s s ify  the  lu n a r  s ilh o u e tte s  I  saw in to  fo u r ca teg o ries : ( l )  known
b ird s j ( 2) non -insec ts  (b ird s  or b a t s ) ;  ( 3 )  id e n t i t y  unknown; and 
(4 )  known bats and in s e c ts . Absolute consistency was not p o s s ib le .
In periods when few objects were passing and I had opportunity to make 
a carefully considered judgment in each case, the items of unknown 
identity were at a minimum. When, on the other hand, I had to make 
several decisions per minute, many objects that I might otherwise have 
called birds or bats or insects fell into the unidentified category.
The accompanying graph (F ig u re  25) re v e a ls  th a t  the objects  o f  unknown 
id e n t i t y  outnumbered a l l  th e  o th e r c la s s if ic a t io n s  and th a t  th ey  were 
la rg e ly  responsib le  fo r  the ve ry  h igh e a r ly  peak in  f l i g h t  d e n s ity .
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Figure 25. Average hourly flight densities subdivided by identity.
The graph is based on observations at Baton Rouge, September 25 to 
October 9, 1955.
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These results have been subjected to directional analysis. 
Directional plots for each of the four identity classifications are 
reproduced in Figure 26. The lengths of the 16 white arrows in each 
group represent the percentage of flight density occurring in 16 
directional sectors. The broad gray arrows are vector resultants 
obtained in the manner described by Lowery (1951s 407-408 and Figure
23). They show the net trend of the flight, and their lengths may be 
regarded as a measure of scatter. Long resultants indicate a strong 
directional trend; short resultants indicate a flight radiating out 
more or less evenly in many directions.
The plots for known birds and noninsects are almost precisely 
the same in their lack of pronounced scatter and in the directions of 
their net trends. The plot for known bats and insects is very different. 
The flight dissipates itself in all directions, and such net trend as 
there is falls closer to west than to south. The plot for objects of 
unknown identity is intermediate both in scatter and net direction.
These results could be interpreted to mean that nearly all records in 
the noninsect class really pertain to birds and that approximately 
half the unidentified records are also of birds. In this event, a 
sizable element in the Baton Rouge densities may consist of objects 
other than birds.
At any rate, contamination of the lunar counts by bats and 
insects takes its place as a fourth factor influencing the distribution 
of flight densities on the time scale. The activity of these non­
migrants may actually vary with the radiance of the moon and may be
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Figure 26. Directional spread in four identity classes
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the factor responsible for the correlation between the peaks in flight 
density and the maximum nightly lunar altitude.
Counts of Flight Calls
The relation of flight calls and lunar silhouettes as indices 
of migration is a complex subject to which Dr. Lowery and I expect to 
return at a later date. However, no report on the hour-to-hour 
pattern of fall migration would be complete without some reference to 
auditory data.
Accordingly, I have included a plot (Figure 27). of the average 
hourly number of flight calls heard at Baton Rouge during the lunation 
of September-October 1955. Comparison of this graph with the hour-to- 
hour pattern of visible migration for the same station and the same 
period (Figure 25) shows the visual and auditory evidences of migration 
to be inversely correlated. The pre-dawn peak in flight calls reported 
by Ball on the Gaspe Peninsula has been duplicated at Baton Rouge. It 
is accompanied by the visual observation of almost no birds at all. 
Numbers of flight calls such as those recorded between 5 and 6 a.m. 
certainly must indicate that numbers of birds are flying overhead.
Why these birds cannot be seen remains one of the greatest of orni­
thological enigmas.
We have seen in Figure 23 how the numbers of silhouettes seen 
against the moon in autumn typically change from hour-to-hour as the 
night progresses. The average counts of visible objects remain 
approximately the same for the first two or three hours. Then they
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AT BATON ROUGE 
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Figure 27. Hourly average flight call counts at Baton Rouge, September 
25 to October 9> 1955.
undergo a progressive hour-to-hour decline that continues for the 
remainder of the night. Is the steady diminution in the numbers of 
silhouettes due to migrants coming to earth or is it the result of 
other factors that further and further limit our ability to see them?
If we accept the tenets of the space-correction theory, we must con­
clude that for the first four hours of the night the volume of migration 
in the sky is actually increasing, not decreasing, that the apparent 
decreases result from decreasing visibility. The continued tapering 
off of the counts beyond that point, however, results not from a 
continuing decrease in our ability to see birds but from the fact that 
migrants are coming to earth. This view has not been disproven, but, 
as has been seen, it produces many anomalies that should be a spur to 
continued investigation for a long time to come.
SUMMARY AND CONCLUSIONS
The study of the changes that occur in the volume of migration 
during the night is complicated by many difficulties. Migrants can be 
observed through a telescope as they pass before the moon, but the 
number seen from hour to hour is likely to vary systematically even 
when the volume of migration on a broad scale remains the same. The • 
concentration of migration in narrow streams, the location of the 
sources from which the migrants come, and the varying flight speeds of 
birds are all factors that might cause progressive changes in the 
telescopic bird counts at a single station. When several local series 
of counts are averaged, the distribution of chance events causing 
delay of the night's migration or its cessation can be expected to 
impose form on the resulting pattern of hour by hour variation. More 
serious still is the diminution and subsequent increase in the size of 
the observation space brought about by the movement of the moon between 
its rising and its setting.
The effect of the moon on counts of migrants can be theoretically 
eliminated by a system of space correction that converts the numbers of 
birds seen into flight densities, representing their per hour equivalents 
per mile of front. And most local variations should disappear when 
observations from many places are combined in a single set of means.
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More than 230 telescopic counts seven hours or more in duration 
have been made in autumn. They represent the experience of 87 obser­
vation stations scattered over the North American continent. When 
these counts are converted to flight densities and averaged hour by- 
hour, their plotted means produce a progressive pattern of change very- 
similar in form to the one obtained in spring. The computed volume of 
migration increases from dusk until the 10 p.m. hour and steadily 
declines thereafter. When the hourly flight densities are expressed 
as proportions of the night's flight before averaging, the result is 
much the same.
The 230 nightly sets of fall observations have been grouped 
and regrouped in a variety of component selections. Throughout this 
process, the general ascending-descending shape of the patterns remained 
unaltered. Only the slope of the curves and the earliness or lateness 
of the distributions, as evidenced by mode and median, varied. From 
early September to early November, as twilight comes earlier and earlier, 
the median shifts approximately 40 minutes toward the early end of the 
time scale. Within the months, a night-to-night progression of the 
median takes place in the opposite direction, apparently in correlation 
with the changing time when the moon reaches the peak of its orbit. 
Pattern also seems to vary somewhat with the total amount of migration 
taking place on the night in question. Low-volume migration produces 
proportionately higher densities at the beginning and end of the 
night, and proportionately lower densities in the middle of the night, 
than migration in great volume. Even flights in the wrong direction
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exhibit the typical hour-to-hour pattern in the last half of the night,
though their variation before midnight is erratic.
The differences in pattern associated with low-volume migration
and with the time of twilight are reflected in the distributions for
regional groupings such as those for the North, the South, and the Far
'fe­
west. The northern pattern is sharply peaked, with the maximum flight
density at 11 p.m. In this respect it bears a closer resemblance to the 
continental spring pattern than to the autumnal pattern for the South.
The later twilight in the North makes the length of the dark period there 
more like that of spring and probably accounts for this result. The 
pattern for the Far West, where heavy nocturnal migrations seldom 
occur, is characterized by a reduced contrast between maximum and 
minimum densities— one of the expected features of low-volume migration. 
Purely local patterns are more aberrant than any of the regional distri­
butions. Data from Baton Rouge, La., and Memphis, Tenn., indicate 
very early autumnal peaks. At Little Rock, Ark., the computed migration 
is well sustained until late in the dark period.
When the fall counts are adjusted for lost time only, their 
means behave quite differently. The number of birds remains approxi­
mately the same for two or three hours following twilight and during 
the rest of the night steadily diminishes. Treated in the same manner, 
spring counts approximate the typical flight density pattern but in a 
less well developed form.
Incompletely analyzed data from Baton Rouge covering four 
15-night periods of successive observation support the idea that flight
no
densities are affected by the position of the moon. But other current 
analyses indicate that telescopic counts at Baton Rouge may be heavily 
contaminated by bats and insects. During the September-October lunation 
of 1955 at this station, flight calls of migrants, as well as lunar 
silhouettes, were carefully recorded. The hour-to-hour variation in 
the number of fli$it calls was the inverse of the visual flight-density 
pattern.
The odd correlation of flight densities with the altitude of 
the moon creates a strong impression that certain features of the 
flight-density pattern are artifactual, that they are induced by over­
correction for theoretical changes in the size of the observation 
space. The suspicion that these patterns may not tell us all there is 
to know about the variation in the volume of migration in the sky is 
strengthened by the fact that birds are heard overhead when none can 
be seen. Further analysis of the data at present available should do 
much to resolve these uncertainties.
APPENDIX
I. Basic Data
Flight Densities and Time-adjusted Counts
Table I is a summary of the flight densities and time-adjusted 
counts used in this study. It includes the following information:
1. Set number.—  This number, listed in the first column of
the table, is the designation used to identify the 
accompanying set of data in the selection lists that 
follow.
2. Date.—  Since nearly all the observations listed started
before midnight and continued on past midnight, the 
observation period in most cases extended over two 
calendar dates. The date given is the one on which the 
night began.
3. Station.—  The name of the city, town, or geographic
feature in which, or near which, observations were made 
is stated in the third column.
4. Hourly flight densities.—  Each set entry includes two
rows of figures. The upper row, consisting of figures 
to the nearest integer, represents the flight densities 
for the hours in question.
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5. Time-adjusted counts.—  The figures on the lower row of 
each set entry represent the original hourly bird 
counts adjusted for lost observing time only. These 
figures include one decimal place.
Stations in the United States are listed alphabetically by 
state and alphabetically by locality within the state. Foreign stations 
are included at the end of the table. Sets from the same station appear 
in date order. The listing of flight densities to the nearest integer 
is a measure of convenience only, with no intended implication regard­
ing the significance of figures.
TABLE I
HOURLY FLIGHT DENSITIES AND TIME-ADJUSTED COUNTS
o. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
1 10-2-52 Ala.: Birmingham 7720 9600 13736 9901 7358 1712 10586 3712 918 919
99.4 87.5 97.7 58.0 41.6 9.8 74.2 34.5 13.0 32.7
2 10-3-52 i i i i 1744 2281 3001 1590 1206 1002 1163 1176 115 303
37.8 22.7 22.7 9.3 6.3 5.2 6.3 8.2 1.1 4.1
3 9-2-52 Ark.: El Dorado 462 309 1994 6019 3380 2264 651 222 91 76
12.0 4.8 20.0 48.0 26.5 17.5 6.0 2.7 2.4 10.0
4 9-3-52 n t i 917 1401 812 5465 806 162 137 0.0 881 109 47
33.0 21.4 8.6 46.3 5.6 1.2 1.1 0.0 10.2 3.8 3.0
5 10-2-52 I t i i 3040 2844 3539 4526 6053 1868 6843 1880 1203 1796 293
96.3 55.5 36.8 32.6 47.3 10.2 38.0 11.5 10.0 19.0 6.8
6 10-3-52 II i t 1721 1646 631 1281 3148 4109 1982 541 185 0.0 761 542
85.5 38.6 8.1 9.2 19.6 22.5 10.0 2.9 1.2 0.0 7.2 11.0
7 10-30-52 I t i i 525 0.0 0.0 249 420 0.0 333 398 61 118 0.0
5.3 0.0 0.0 1.4 2.1 0.0 2.1 3.5 1.1 4.0 0.0
8 10-31-52 II i i 648 126 279 183 486 222 0.0 632 129 0.0 27 47
10.6 1.4 2.0 1.1 2.4 1.1 0.0 4.0 1.2 0.0 1.1 1.3
9 11-1-52 I t t i 1414 0.0 2245 374 200 0.0 781 1341 365
24.2 0.0 18.0 2.3 1.1 0.0 3.8 6.9 2.2
10 9-21-53 II i t 497 1510 1439 3210 3059 1951 176 94 87 191
7.8 16.0 11.3 21.6 18.9 13.2 1.3 1.0 3.5 12.0
11 10-21-53 II i i 261 291 0.0 314 261 0.0 532 385 198 456 343
4.0 2.6 0.0 2.0 1.4 0.0 2.7 2.3 1.3 5.0 5.3
12 9-3-52 Ark*: Little Rock 468 433 526 838 300 1406 580 658 0.0
8.0 6.0 5.2 6.2 2.0 9.3 4.1 5.2 0.0
13 9-4-52 i i i i 0.0 322 361 431 893 700 517 1043 P
0.0 6.0 4.0 4.0 6.0 4.0 3.0 6.0 Vj J
TABLE I (continued)
lo. Date Station 6 -7  7 -8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3 -4 4-5
14 9 -5 -5 2 Ark.: Little Rock 522 406 1840 167 703 1150 0.0 0.0 389
20.6 8.2 19.6 1.1 4 .1 6.2 0.0 0.0 2 .7
15 10-1-52 ti ti 1858 409 3489 1686 1700 3569 4708 10689 1335 20
20.0 3 .1 23.0 10.3 11.3 25 .0 4 7 .4 160.8 3 7 .1 3 .0
16 10-2-52 it it 1157 2507 2293 3490 7505 325 3000 1142
1 6 .0 28.3 1 6 .5 20.6 41.0 2.0 18 .2 9 .0
17 10-3-52 ti ii 822 1066 706 994 1733 590 164 167
8.0 8 .4 4 .5 5 .2 9 .0 4 .0 1.1 2.0
18 10-4-52 ti it 70 609 916 1187 698 595 207
2.0 9 .8 9 .3 8.6 4 .0 3 .1 1.0
19 9-19-53 tt it 9156 12409 4250 4652 1850 849 387
94 .0 117.7 4 2 .0 60 .0 3 3 .0 42.8 26.0
20 9-20-53 ii it 1443 1247 198 1255 5453 4267 2560
12.0 9 .0 1 .3 10.8 56.0 60.0 60.0
21 9-21-53 it ii 4389 5493 3888 617 718 934 0.0 401
4 3 .2 38.2 25 .0 4 .0 5 .0 8.0 0.0 9 .0
22 9-22-53 ii ii 431 141 1763 0.0 0.0 0.0 383 478
4 .0 1.1 10.0 0.0 0.0 0.0 3 .0 5 .0
23 9-23-53 ii it 704 362 964 721 0.0 766 235 0.0 417 386
12.0 5 .0 9 .0 4 .8 0.0 4 .0 1.2 0.0 3 .0 4 .0
24 10-21-53 it ii 697 264 405 673 384 1195 388 241 307 124
6 .7 2.0 2 .4 3 .6 2.0 6 .4 2 .4 2.0 3 .6 1 .5
25 10-22-53 ti it 1196 2774 7122 6595 6513 7272 12740 9243 2750
10.0 20 .4 3 9 .0 3 3 .0 31 .2 3 6 .0 7 3 .5 66.0 20.0
26 9 -2 -5 2 Calif.: Los Gatos #1 1075 1379 812 1074 950 177 357 128 392
38.0 22.0 10.0 10.0 8.0 2.0 3 .0 2.0 20.0
27 9 -2 -5 2 ii "  #2 910 1129 556 525 604 0.0 296 46
23 .0 19.0 5 .0 5 .0 5 .0 0.0 3 .0 1.0
No.
28
29
30
31
32
33
34
35
36
37
38
39
40
41
TABLE I (continued)
Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
Average #26 and #27 993 1254 684 800 777 89 327 87 392
30.5 20.5 7.5 7.5 6.5 1.0 3.0 1.5 20.0
10-2-52 Calif.: Los Gatos 238 145 331 933 1038 914 1004 134 633 267 403 375
7.5 3.0 3.0 7.0 6.0 5.0 6.0 1.0 6.0 3.0 11.0 23.6
10-2-52 Calif.: San Jose 725 324 776 1.242 1302 1922 1575 988 767 573 35 74
22.5 5.0 8.0 9.0 8.0 11.0 9.0 6.0 7.0 8.0 1.0 3.3
10-4-52 n i t 195 327 179 590 321 1243 1540 1191 379 518 369
27.3 12.0 3.0 7.0 2.0 7.0 8.0 6.0 2.0 3.0 3.0
10-31-52 i t t i 43 250 560 543 1177 789 1797 328 107 126 85
1.0 3.0 4.0 3.0 6.0 4.0 10.0 2.0 1.0 2.0 3.0
9-2-52 Calif.: Santa Ana 0.0 341 0.0 188 0.0 125 0.0 0.0 0.0 15 82
0.0 6.0 0.0 2.0 0.0 1.0 0.0 0.0 0.0 1.0 3.0
9-30-55 Colo.: Boulder 337 415 1000 1353 1967 867 1225 412 900 731
10.0 5.7 10.7 9.4 12.0 5.2 7.5 3.1 9.1 12.0
10-1-55 i i i t 529 909 1297 1450 976 1527 186 269 0.0 121 103
12.4 10.5 9.8 9.2 5.6 8.7 1.1 2.2 0.0 2.1 4.0
10-4-52 Fla.: Gainesville 679 iy,9 1669 2205 2230 0.0 1549 1139 1257 749 349
56.4 43.1 21.9 18.0 13.3 0.0 7.2 5.5 6.9 5.1 3.6
9-21-53 Fla.: Lighthouse Point 3852 9394 9315 9013 5877 7899 6520 8581 5086 3170
65.8 103.2 73.5 55.2 33.0 46.3 48.4 91.2 86.7 159.8
9-3-52 Fla.: St. George Island 1920 5325 5838 1208 2529 762 404
13.2 31.6 35.6 8.5 23.1 13.1 12.8
10-1-52 i i i t 3106 8698 20022 20733 31637 10575 11771 4920 2146 1319
49.5 88.3 144.5 156.4 260.6 65.8 85.5 50.6 37.5 32.3
10-2-52 i t i t 4477 10499 7361 17049 17058 32488 36366 20334 13112 4233
* 123.0 127.3 58.8 104.7 90.9 175.2 219.7 152.5 144.2 82.8
11-1-52 t i II 710 353 282 618 815 234 249 860 215 140 0.0 222 -I
36.0 6.7 3.1 4.4 4.6 1.1 1.2 4.2 1.2 1.1 0.0 4.6 £
No.
42
43
44
45
46
47
48
49
50
51
52
53
54
55
TABLE I (continued)
Date Station 6 -7 7 -8 8-9 9-10 10-11 11-12 12-1 1-2 2-3
11-2-52 Fla.: St. George Island 77 96 0.0 0.0 0.0 0.0 0.0 0.0
6 .7 2 .4 0.0 0.0 0.0 0.0 0.0 0.0
10-3-52 Fla.: Winter Park 2866 5644 5419 5568 3280 5886 2513 2367
88 .9 88.6 46.0 3 4 .8 1 6 .7 2 8 .4 1 2 .4 13 .7
10-31-52 it ti 0.0 538 0.0 0.0 0.0 230 0.0 0.0
0.0 4 .1 0.0 0.0 0.0 1.1 0.0 0.0
11-1-52 it ii 287 292 0.0 0.0 252 0.0 239 357
3 .2 3 .0 0.0 0.0 1.2 0.0 1.2 2.1
11-2-52 it it 131 255 274 0.0 333 306 0.0 216
4 .7 4 .4 2.2 0.0 1.8 1 .4 0.0 1.0
10-2-52 Ga.: Athens 1047 16891 16366 34816 23225 43640 2464
24 .0 209.0 132.0 209.0 124.0 228.0 14 .0
9 -3 -5 2 G a.: Atlanta 299 650 2052 3555 2564 2055 267 1511
15 .0 17.0 30.0 35 .0 20.0 1 4 .0 2.0 11.0
9 -1 -5 2 Ga.: Rome 83 288 587 101 390 1013 203 519
2 .7 5 .0 7 .0 1.0 4 .1 10.0 4 .0 13 .3
9 -3 -5 2 n n 409 554 1666 4707 3471 3691 6194 5180
18.5 14.0 27.0 44 .0 26.0 24.0 39 .0 3 8 .0
9 -4 -5 2 ti ii 225 565 I 486 1936 1848 1877 2033 2407
5 .5 25 .5 26.5 20 .9 15.0 12.0 12.0 14.0
10- 1-52 ti n 9574 12847 7481 6925 3873 3357 2967 1439
117.9 111.3 55.6 4 5 .2 24 .0 23.0 26.0 15.0
9-21-53 it ii 4885 14094 16027 12825 5977 7999 A348 7727
109.0 176.8 136.0 91 .0 38.0 48.8 30.0 70.0
9 -1 -5 2 Ga.: Sherwood Plantation 0.0 213 508 975 1283 0.0 228
0.0 2.2 4 .4 8.2 11.6 0.0 3 .2
10-4-52 n ti 2682 2658 4137 2186 2092 1607 2274
66.9 37 .8 34 .7 1 3 .4 10.9 7 .6 10 .9
TABLE I (continued)
No. Date Station 6-7 7-3 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
56 10-4-52 Idaho: Moscow 130 57 0.0 126 0.0 0.0 0.0 0.0 0.0 0.0
5.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
57 9-3-52 Ind.: Richmond 1948 2326 5357 2142 1352 1333 986 322 111
27.4 26.0 43.5 15.0 9.8 12.2 11.0 5.3 6.0
58 9-4-52 ii it 288 911 1387 308 207 610 0.0
6.0 12.0 12.4 2.3 1.3 4.0 0.0
59 10-3-52 n ii 319 0.0 308 0.0 0.0 0.0 243
3.0 0.0 2.0 0.0 0.0 0.0 2.0
60 9-2-52 Iowa: Ottumwa 2838 3265 2832 3201 3134 2275 1017 254
45.5 35.0 24.0 27.8 34.0 36.0 25.5 6.0
61 10-3-52 ii it 0.0 160 .714 1451 832 1392 1614 3641
0.0 1.0 4.0 8.0 5.1 10.0 15.0 36.0
62 9-2-52 Kan.: Baldwin City 51 635 1924 996 2570 2505 3013 2266 596
4.3 30.6 34.7 14.4 23.0 21.3 28.3 25.2 9.4
63 10-4-52 it ii 984 3020 0.0 0.0 0.0 511 504 378
22.4 37.6 0.0 0.0 0.0 2.5 2.6 2.0
64 10-31-52 ti ii 1693 3606 1518 2816 1163 1933 1244 1934
18.3 25.1 9.1 15.0 6.0 10.7 7.6 13.3
65 11-1-52 ii it 0.0 4935 1772 0.0 1388 564
0.0 38.8 11.3 0.0 11.6 6.8
66 9-2-52 Kan.: Lawrence 94 1372 2546 2091 1066 266 957 269 19 168
4.0 22.0 29.0 19.0 9.0 2.1 11.0 5.0 1.0 13.0
67 10-2-52 i i it 190 346 700 1073 1048 1496 683 161 506
10.0 8.4 8.0 9.0 7.0 9.0 4.C 1.0 4.4
68 9-3-52 Ky.: Louisville 2563 3330 4277 6138 3371 3932 2696 2638
72.0 56.7 44.9 49.7 24.5 27.8 23.0 29.9
69 9-4-52 ii it 1040 1328 686 1566 858 1277 883 664
30.0 28.9 9.2 12.2 6.0 8.0 6.0 5.0
TABLE I (continued)
No. Date Station 6 -7  7 -8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3 -4 4 -5 5-6
70 9 -5 -5 2 Ky.: Louisville 568 1865 1875 3246 1755 1044 1397 364
16.0 26.6 16 .4 21.6 10.0 6.0 8.C 2 .7
71 1 0 -3 -52 ti ti 0.0 546 348 881 466 0.0 369 0.0 0.0
0.0 5.3 2.1 5 .0 2 .4 0.0 2.0 0.0 0.0
72 10-4-52 it n 304 357 505 185 324 1765 693
4 .0 3 .8 3 .5 1.2 1.8 9 .1 3 .5
73 9-30-52 Ky.: Murray 0.0 0.0 1896 1978 1695 471 250 145 94
0.0 0.0 14.0 16.0 15.0 6.0 5 .0 8.0 4 .0
74 10- 1-52 ti it 0.0 0.0 2325 1004 1081 1246 1190 364 307 317
0.0 0.0 14 .7 6 .7 7 .6 10.8 13.0 7 .0 20.0 3 4 .2
75 10-2-52 it ii 1035 2930 6472 2347 2456 2093 6204 1310 447 181
16.0 30 .7 49.3 1 4 .4 1 4 .2 12.0 4 4 .0 12.0 6.0 8.0
76 1 0 -3 -52 ii ii 635 296 299 175 369 191 0.0 0.0 0.0 0.0
10 .4 3 .0 2.0 1.0 2.0 1.0 0.0 0.0 0.0 0.0
77 1 0 -3 -52 La.: Alexandria 1571 934 1101 852 1156 1399 630 660 437 168 353
3 9 .0 1 3 .0 9 .0 5 .0 6.0 6 .9 3 .3 4 .0 3 .3 2 .4 5 .5
78 10-9-49 La.: Baton Rouge 853 1109 900 929 919 0.0 0.0
2 2 .4 15 .5 6.1 5 .3 4 .8 0.0 0.0
79 10-15-51 it ti 1555 3932 2666 3032 1467 1277 614 546 150 97
3 4 .0 46.0 18.9 1 8 .0 7 .4 6.0 3 .0 3 .0 1.0 1.0
80 6-1-52 n ii 59 8 352 109 218 148 28
3 .5 2 .3 1.1 2 .4 3 .3 2 .9
81 6 -2 -5 2 ti it 366 1305 136 102 111 95
2 .4 9 .0 1.1 1.1 2.2 4 .4
82 6 -3 -5 2 it it 0.0 1244 158 0.0 205 0.0
0.0 9 .6 1.0 0.0 3 .6 0.0
83 6 -4 -5 2 ii it 0.0 640 844 248 113 118 108 j
0.0 5.3 7 .1 2.2 1 .4 3 .2 5 .0 1(
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TABLE I (continued)
lo. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3
Cr\ 4-5
84 6-5-52 La.: Baton Rouge 426 821 549 0.0 109 51 0.0
5.0 7.4 5.0 0.0 1.2 2.2 0.0
85 6-6-52 " “ 0.0 820 88 377 207 0.0 123 342 113
0.0 13.3 1.3 4.1 2.3 0.0 2.6 7.7 6.0
86 6-7-52 11 " 821 381 0.0 0.0 0.0 268 82 69 87
32.0 16.8 0.0 0.0 0.0 3.2 1.5 1.3 2.3
87 6-8-52 " " 109 205 244 149 267 186 120
5.3 3.9 3.2 1.3 4.0 2.2 2.0
88 6-9-52 “ " 0.0 21 42 95 0.0 0.0 79 105
0.0 1.0 1.0 1.4 0.0 0.0 1.2 2.0
89 6-10-52 " " 102 0.0 191 84 108 0.0
6.0 0.0 3.1 1.0 1.1 0.0
90 6-11-52 ” " 0.0 87 87 221 0.0 0.0
0.0 2.4 1.3 2.4 0.0 0.0
91 6-12-52 " " 133 115 251 0.0 286
4.8 1.3 2.7 0.0 2.0
92 6-13-52 " " 161 307 654
1.4 2.6 4.0
93 6-14-52 " " 16 176 O.C
1.3 2.7 0.0
94 6-28-52 » » 978 313 113 0.0
8.6 4.0 3.1 0.0
95 6-30-52 " " 573 740 276 169 389
4.6 6.3 3.2 4.0 33.3
96 7-1-52 " " 727 913 257 246 138 152
6.0 8.4 3.1 5.3 8.0 11.3
97 7-3-52 " *• 1088 110 138 0.0 0.0
11.6 1.0 2.1 0.0 0.0
TABLE I (continued)
No. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
98 7-4-52 La.: Baton Rouge 194 744 176 447 399 69 127 381
4.0 10.2 2.6 5.4 5.4 1.5 8.6 29.8
99 7-5-52 » » 402 410 52 255 299 183 365 198 272
8.6 6.9 1.0 4.1 3.7 3.1 10.6 14.2 25.0
100 7-6-52 11 " 0.0 353 146 475 226 555 472 326 224 223
0.0 10.0 2.4 6.0 2.7 6.7 5.2 5.9 9.6 12.9
101 7-7-52 " " 647 0.0 263 315 653 89
9.2 0.0 2.7 4.0 9.3 2.0
102 7-8-52 » '* 776 1376 146 537 392 1247
12.0 18.1 1.3 4.8 3.2 12.0
103 7-9-52 " " 257 228 187 0.0 0.0
2.9 1.5 1.2 0.0 0.0
104 7-10-52 " *' 217 318 660 689 1504 668
3.8 3.0 5.1 4.4 9.1 4.1
105 7-11-52 " » 258 268 383 408 347
3.8 1.1 2.6 2.6 2.0
106 7-12-52 " 11 679 0.0 1286 0.0
6.7 0.0 7.5 0.0
107 7-13-52 " » 228 0.0 99 154
4.0 0.0 1.1 1.1
108 7-28-52 " " 724 1097 200 0.0
8.0 24.0 9.3 0.0
109 7-30-52 » " 973 1054 0.0 120
12.0 15.0 0.0 5.6
110 7-31-52 " " 1064 1739 377 162
13.2 25.7 10.0 4.8
111 8-1-52 " " 673 2185 792 642 231 237
8.6 26.0 10.2 9.5 7.0 17.3
TABLE I (continued)
No. Date Station 6 -7  7 -8  8 -9  9-10 10-11 11-12 12-1  1 -2  2 -3  3 -4  4 -5  5-6
112 8 -2 -52 La.: Baton Rouge 468 741 440 92 241
7 .0 7 .5 6 .0 1 .7 4 .0
113 8-3 -52 » tt 401 969 1202 547 369
6 .7 10 .4 15 .4 11.8 20 .0
114 8-4 -52 it tt 569 1479 1611 1168 378 306 373 77
19.5 25 .0 17 .3 10 .6 3 .3 4 .7 13 .9 5 .5
115 8-5 -52 tt tt 201 331 585 740 1880 1942 840 568 505 118
12 .0 8 .2 8 .6 7 .5 14 .2 14.3 6 .5 5 .2 6 .4 4 .4
116 8-7 -52 it tt 151 263 925 2184 408 398 174 380
6 .7 3 .5 9 .5 1 4 .0 2 .4 2 .2 1 .2 2 .7
117 8 -9 -5 2 tt tt 503 194 0 .0 344 0 .0 0 .0
13.3 3 .0 0 .0 2 .3 0 .0 0 .0
118 8-10-52 it it 708 968 113 0 .0 0 .0 0 .0
1 7 .4 13.3 1 .0 0 .0 0 .0 0 .0
119 8-12-52 tt tt 274 75
9 .3 4 .1
120 8-27-52 tt tt 275 237 163
4 .2 6 .2 10.3
121 8-28t 52 it it 0 .0 181 235 158
0 .0 3 .3 7 .5 9 .7
122 8-29-52 tt it 181 1590 1056 454 750
2 .5 20 .7 18.5 14.7 4 1 .0
123 8-30-52 tt tt 2167 2352 178 921 277 213
26.3 25.7 2 .0 1 2 .2 5 .1 8 .8
124 8-30-52 tt tt 2414 449 610
27 .0 6 .4 10 .4
125 Average #123 and #124 2167 2352 1296 685 444 213
26.3 25 .7 14 .5 9 .3 7 .8 8 .8
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TABLE I (continued)
No. Date Station 6-7 7-3 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
126 8-31-52 La.: Baton Rouge 286 780 502 420 0.0 172 40
4.0 7.0 5.2 4.7 0.0 4.0 3.7
127 8-31-52 i i  i i 284 292
3.1 2.9
128 Average #126 and #127 286 780 393 356 0.0 172 40
4.0 7.0 4.2 3.8 0.0 4.0 3.7
129 9-1-52 La.: Baton Rouge 550 281 228 0.0 127 202 54 301
9.0 3.8 2.2 0.0 1.5 2.3 1.4 8.7
130 9-2-52 i t  t i 1927 4703 5776 5163 9085 8823 5502 2959 2205 807
41.0 57.8 46.5 35.7 59.8 63.9 49.3 39.6 61.8 58.0
131 9-2-52 t i  i i 3876 3508 10256
50.0 29.2 72.1
132 Average #130 and #131 1927 4290 4642 7710 9085 8823 5502 2959 2205 807
41.0 53.9 37.9 53.9 59.8 63.9 49.3 39.6 61.8 58.0
133 9-3-52 La.: Baton Rouge 1278 5012 3127 5633 2944 6364 2949 3021 3360 664 202
46.4 82.4 32.2 42.2 19.6 39.1 20.4 22.4 34.5 12.3 8.0
134 9-3-52 t i  i i 1977 2699 6151 6846
69.0 46.9 54.0 55.2
135 Average #133 and #134 1628 3856 4639 6240 2944 6364 2949 3021 3360 664 202
57.7 64.7 43.1 48.7 19.6 39.1 20.4 22.4 34.5 12.8 8.0
136 9-4-52 La.: Baton Rouge 2012 1784 2123 2579 4227 2523 2187 3438 735 704
82.1 41.7 25.7 21.4 27.3 14.4 12.4 20.0 5.7 8.0
137 9-4-52 u  ir 1169 1900
21.5 22.9
138 Average #136 and #137 2012 1477 2012 2579 4227 2523 2187 3438 735 704
82.1 31.6 24.3 21.4 27.3 14.4 12.4 20.0 5.7 8.0
139 9-5-52 La.: Baton Rouge 1452 1667 927 4871 5656 4554 1191 0.0 0.0
1 1 1 . 0 64.9 11.7 42.8 38.0 24.8 6.0 0.0 0.0
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TABLE I (continued)
No. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
140 9-6-52 La.: Baton Rouge 1128 1300 1010 1973 464 1993 726 1077 406 0.0
48.0 31.0 11.3 14.4 2.9 10.0 2.0 5.4 2.1 0.0
141 9-7-52 t t t i 710
30.0
839
14.4
1475
13.0
142 9-7-52 t t i i 1274
19.0
2807
26.0
878
5.8
916
5.0
736
3.6
941
4.4
281
1.3
143 Average #141 and #142 710 1057 2141 878 916 736 941 281
30.0 16.7 19.5 5.8 5.0 3.6 4.4 1.3
144 9-8-52 La.: Baton Rouge 298
40.0
754
21.5
650
7.8
0.0
0.0
535
3.6
282
1.5
0.0
0.0
145 9-9-52 i i t i 179
11.3
358
6.3
352
5.2
721
5.2
0.0
0.0
0.0
0.0
235
1.1
146 9-26-52 t i t i 4249
58.5
3022
52.5
1104
37.5
147 9-27-52 i t i t 2811
31.5
2507
27.8
1286
22.9
807
21.5
269
24.3
148 9-28-52 t i i t 1048
9.6
977
9.0
712
7.7
485
7.1
408
8.6
128
9.3
149 9-29-52 i t i t 2520
30.0
4494
38.5
5194
40.2
2701
20.0
2209
18.6
1642
18.5
601
12.6
331
11.6
150 9-30-52 t i n 1018 3673 2538 6374 2621 3514 2512 1122 1254
14.1 32.1 17.4 42.0 17.9 25.5 23.8 14.3 38.8
151 10-1-52 i i " A 2576 8277 10074 16648 12417 14553 19245
31.6 84.4 76.8 107.0 73.2 88.3 128.4
152 10-1-52 t i » B 7587 8927 8554 13324 10550 12367 5591
84.0 95.8 64.1 87.1 63.2 76.0. 58.0
153 10-1-52 t t « C 5373 8545 9303 17996 6796 1A413 15772 9881 4149 1577
72.0 89.3 72.5 116.4 40.8 87.3 103.5 87.5 58.7 35.4
i-*ro
V-O
TABLE I (continued)
No* Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
154 Average A, B, and C 5179 8583 9310 15989 9921 13778 13536 9881 4149 1577
62 .5 8 9 .8 71 .1 103.5 59 .1 83.9 96.6 87.5 58.7 3 5 .4
155 10-2-52 La.: Baton Rouge A 4971
82 .1
10983
104.3
22742
154.3
22011
123.9
10813
55.6
11478
60.0
156 1 0 -2 -52 ti tt . b 447
1 2 .0
827
1 3 .0
9600
92 .7
19071
132.0
7065
4 0 .0
11528
58.8
8452
46 .0
157 1 0 -2 -52 II M Q 2150 2334 9966 59362 61469 20292 14572 11001 3899 3381 1757 826
3 6 .0 36 .7 98 .4 404.8 341.9 130.7 76 .7 64.8 3 1 .2 43 .3 41 .8 4 7 .4
158 Average A, B, and C 1299 2711 10183 33725 30182 14211 11501 11001 3899 3381 1757 826
2 4 .0 43.9 98.5 230.4 168.6 81.7 60.9 64.8 3 1 .2 43 .3 a .  s 4 7 .4
159 10-3-52 La.: Baton Rouge A 1875
43 .5
2484
30 .5
1615
13 .0
2684
1 6 .0
3659
18 .9
2040
10 .0
160 1 0 -3 -52 ii ii b 1457
7 7 .1
3428
7 8 .8
3427
39 .0
3163
24 .0
4396
2 6 .8
2528
13 .0
2435
12 .0
161 1 0 -3 -52 ii ii c 1118 2797 5167 7402 5577 5909 3396 3139 1629 1703 407 83
7 2 .0 6 7 .6 64.3 56.0 33 .6 29 .9 16.5 1 6 .4 1 0 .0 1 2 .8 4 .7 2 .0
162 Average A, B, and C 1288 2700 3693 4060 4219 4032 2624 3139 1629 1703 407 83
7 4 .6 63.3 44 .6 31 .0 25 .5 20 .6 12 .8 16 .4 10 .0 1 2 .8 4 .7 2 .0
163 1 0 -4 -5 2 La.: Baton Rouge A 763
3 2 .2
1907
28 .8
935
9 .5
141
1 .0
767
4 .2
1483
7 .2
164 1 0 -4 -52 it ti b 517 427 1400 1454 811 0 .0 433 214 0 .0
23 .0 5 .8 13 .6 9 .0 4 .4 0 .0 2 .1 1 .1 0 .0
165 Average A and B 640 1167 1168 798 789 742 433 214 0 .0
27 .6 17.3 11 .6 5 .0 4 .3 3 .6 2 .1 1 .1 0 .0
166 1 0 -5 -5 2 La.: Baton Rouge A 264 1209 2260 4118 6319 2902 2002 2254
11.3 27.3 3 4 .0 3 8 .4 40 .0 15.3 9 .4 1 0 .4
167 1 0 -5 -5 2 n ii b 2771
1 4 .1
1099
6 .2
350
1 3 .1
No.
168
169
170
171
172
173
174
175
176
177
178
179
180
181
TABLE I (continued)
Date Station 6-7 7 -8 8-9 9-10 10-11 11-12 12-1 1 -2 2-3 3 -4 4 -5
Average A and B 264 1209 2260 4118 6319 2902 2002 2254 2771 1099
11.3 27.3 3 4 .0 3 8 .4 4 0 .0 15 .3 9 .4 1 0 .4 1 4 .1 6 .2
10 -6 -52 La.: Baton Rouge 3851 5625 2913 3484 1666 813
471.1  206.2 3 7 .0 3 0 .5 11 .1 4 .3
1 0 -7 -52 it it 49 846 587 617 197 0 .0 290 0 .0
2 .9 23 .1 7 .8 5 .2 1 .3 0 .0 1 .3 0 .0
10-8-52 1 1 921
10.5
830
5 .6
217
1 .3
1719
8 .6
229
1 .1
1 0 -9 -52 tt 1 • 0 .00 .0
0 .0
0 .0
201
1 .0
10-10-52 tt it 584
13 .7
233
5 .3
414
3 .6
0 .0
0 .0
728
4 .0
10-29-52 tt tt 1451 1239 939 1194 2892 488 1022 391 243
12 .6 8 .6 5 .5 6 .5 16 .7 3 .2 9 .2 5 .0 6 .0
10-30-52 it it 139 655 990 7 85 0 .0 181 0 .0 107 114 124
1 .7 4*6 5 .7 4 .1 0 .0 1 .0 0 .0 1 .1 2 .0 3 .4
10-31-52 it tt 694 255 688 194 0 .0 882 0 .0 501 655 350 23
6 .0 2 .2 4 .0 1 .1 0 .0 4 .3 0 .0 3 .0 5 .3 4 .0 1 .1
11-1-52 it it 1121 2427 1215 793 256 702 258 238 0 .0 621 105
21.3 30 .7 1 0 .2 4 .7 1 .3 3 .3 1 .2 1 .3 0 .0 4 .7 1 .2
1 1 -2 -52 1 ti 582 521 356 390 1383 0 .0 401 0 .0
1 2 .0 7 .4 3 .0 2 .3 6 .8 0 .0 1 .9 0 .0
11-3-52 La.: Baton Rouge 592 761 2898 617 1102 491 1192 1793 1033 670
29.3 15.3 31 .5 4 .3 6 .2 2 .4 5 .5 8 .3 5 .0 4 .1
9-20-53 1 tt 4587 5037 6135 3645 1556 2527 2704 604
54.3 4 0 .1 4 1 .8 25.6 11.7 25 .1 36 .5 28 .0
9 -21-53 1 1 3169 2963 4578 7168 6149 7338 6027 4334 4333 1477
68 .0 4 2 .0 40 .2 50 .4 3 7 .1 41 .7 37 .5 34 .5 50 .8 3 6 .7
No.
182
183
184
185
186
187
188
189
190
191
192
193
194
195
TABLE I (continued)
Date Station 6-7 7 -8 8 -9 9-10 10-11 11-12 12-1 1 -2 2-3 3 -4
9-22-53  La.: Baton Rouge 698 593 285 1086 1090 2150
19.5 8 .1 2 .7 7 .9 6 .9 13.6
10-15-53 " " 1291
11 .7
2938
28 .5
3354
48 .6
2858
66.6
286
18 .8
10-16-53 " " 17243 22643 8800 5656 2632 1394
134.8 176.9 81.5 70.8 63 .1 62.1
10-17-53 "  " 6781 19052 10308 5455 3163 1372 505
• 64 .7 133.8 75.0 44 .5 3 4 .8 23.8 22.7
10-18-53 "  " 4086 3767 5186 2917 193 890 667 510
3 1 .5 25 .2 3 1 .1 17 .9 1 .2 8 .0 9 .8 1 3 .1
10-19-53 " " 2539 2798 1225 761 0 .0 0 .0 784 80 229 163
2 0 .4 19.3 7 .0 4 .5 0 .0 0 .0 ‘ 6 .7 1 .4 4 .3 6 .0
10-20-53 " " 2205 2333 1925 2044 413 281 273 363 217 382
25 .2 18.5 12 .2 11. It 2 .2 1 .6 1 .6 3 .0 2 .6 10 .2
10-21-53 "  " 404 953 843 1599 1642 488 1419 278 342 380
7 .1 9 .3 5 .9 9 .3 8 .0 2 .4 7 .3 1 .5 2 .8 4 .1
10-22-53 "  " 777 1143 2413 4182 6339 7834 5464 4928 6084 1262
2 7 .8 2 0 .4 26.2 29 .4 3 4 .3 3 8 .0 25 .5 24.0 3 3 .6 9 .4
10-23-53  " 11 3005
228.0
3655
194.8
6182
104.9
6055
57.8
1367
1 0 .0
10-24-53 " " 7179 24874 25188 20086 14574 12805 8999 5198
199.0 355.2  211.6 109.0 77 .0 60 .2 41 .0 2 5 .1
10-25-53 "  " 652
4 .6
315
1 .7
10-26-53 " " 4516 3580 4094 1895 1566 1323
112.5 48.3 3 6 .7 1 2 .0 8 .2 6 .3
10-27-53 "  " • 669
10 .0
534
8 .6
671
5 .4
593
4 .0
401
2 .0
TABLE I (continued)
No. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
196 10-28-53 La.: Baton Rouge 442 593 788 244 505 0.0 1856
40.0 18.8 10.7 1.6 1.5 0.0 8.8
197 10-29-53 " 1 452 1102 710 1395 1062 593
30.0 20.7 8.2 10.0 6.3 3.0
198 11-20-53 11 n 788 1817 1035 771 1270 572 680 445 103 0.0
20.4 23.4 7.5 4.6 6.4 2.7 3.2 2.1 1.7 0.0
199 11-22-53 " ti 210 550 667 844 587 255 682 325 245 0.0 0.0
14.9 10.2 8.9 6.5 3.3 1.3 3.2 1.5 1.2 0.0 0.0
200 9-13-54 " n 872 1123 1395 2114 547 1562 876 369 0.0
33.3 18.5 12.6 14.2 3.2 8.2 4.6 2.1 0.0
201 9-25-55 " it 2592 8257 8335 4532 2000
21.7 73.2 90.0 78.8 83.5
202 9-26-55 n 1 1353 3307 4190 5062 2834 3250 1010
10.6 28.0 32.9 41.5 29.2 52.6 46.0
203 9-27-55 " 1 1031 659 1711 321 694 1293 575
9.0 4.8 11.9 2.8 7.1 19.5 17.5
204 9-28-55 n 1 1341 2074 3465 1301 2825 3626 3655 1625 366
16.8 17.6 24.0 9.0 18.4 25.5 30.8 21.0 9.2
205 9-29-55 " 1 609 5649 2001 1586 2630 2973 796
3.6 32.8 12.8 11.0 23.1 40.9 27.6
206 9-30-55 " 1 2361 8981 23673 8082 13233 6819 7066 7621 5263 1228
52.1 104.4 196.3 52.0 71.5 37.7 38.4 67.2 68.6 51.1
207 10-1-55 " n 1083 6553 44481 30099 10626 6542 7662 5282 3091 2209 1762 654
60.0 126.4 463.4 220.2 60.0 33.0 38.5 29.0 19.5 19.4 23.5 19.0
208 10-2-55 " 1 2597 4545 5291 7114 4927 3113 3117 1612 2367 1107 801
119.6 62.0 43.8 45.4 31.5 15.0 14.9 8.4 13.1 9.0 8.0
209 10-3-55 " 1 489 699 276 474 2640 2993 4649 2157 1228 719 0.0
45.0 20.7 4*6 3.2 15.8 15.0 21.9 10.2 6*4 4.4 0.0
TABLE I (continued)
No. Date Station 6 -7  7 -8  8 -9  9-10  10-11 11-12 12-1  1 -2  2 -3  3 -4  4 -5  5-6
210 10-4-55 La.: Baton Rouge 469 662 770 221 493 1490 647 0 .0 613 0 .0
2 8 .0 16 .5 7 .5 1 .5 3 .0 7 .5 3 .0 0 .0 3 .0 0 .0
211 10-5-55 it ii 354 669 934 864 714 1475 942 0 .0 a s
18 .0 12 .6 9 .0 7 .5 4 .5 7 .5 4 .3 0 .0 2 .0
212 10-7-55 tt ii 7481 8566 6041 4697 3845 2652 0 .0
444.0  268.8 7 5 .1 3 6 .9 2 2 .4 13.5 0 .0
213 10-8-55 ii it 419 745 920 647 1272 0 .0
28 .9 19 .5 10 .5 4 .5 7 .5 0 .0
214 10-9-55 ti it 243 186 762 574 349
24 .0 5 .9 7 .7 4 .5 2 .4
215 9 -3 -5 2 La.: Grand Isle 70 570 2301 3556 3560 1520 832 331 600 63 0 .0 0 .0
4 .0 22 .5 38 .1 36 .8 26.0 9 .8 4 .8 2 .2 5 .5 1 .0 0 .0 0 .0
216 10 -3-52 ti ii 1370 6111 4034 3751 213 824 385 0 .0 0 .0
3 6 .2 7 8 .8 3 4 .0 22.5 1 .0 4 .0 2 .0 0 .0 0 .0
217 9 -3 -5 2 La.: Gulf platform 488 2497 3291 2329 1637 644 772 122
1 6 .0 3 6 .7 32 .0 1 6 .0 1 0 .0 3 .6 5 .0 1 .0
218 10 -3-52 ii ii 87 329 1875 1585 1904 692 1029 304 658 844 177
1 0 .0 1 0 .6 31 .0 31 .6 1 4 .4 4 .4 6 .1 2 .1 5 .5 8 .4 2 .4
219 10-2-52 La.: Port Allen 7943 16983 18813 22031 23380 17847 10433 2740
112.2  150.2  131.3 118.4  118.0  93 .7 6 3 .8 22 .6
220 1 0 -3 -52 ii ii 4909 7198 4234 8082 1647 2161 1696 0 .0
58.1 54.1 25 .0 4 2 .0 8 .1 11 .1 1 0 .4 0 .0
221 9 -2 -5 2 La.: Shreveport 3181 4387 5506 4776 3503 3204 781 737
80.0 63 .2 52.0 39 .0 24 .0 21 .6 6 .0 7 .5
222 9 -3 -5 2 ii ti 2245 1165 893 424 439 863 i / , n
7 5 .0 2 1 .0 9 .6 3 .3 3 .0 5 .3 9 .3
223 9 -4 -52 ii ii 0 .0 1178 931 919 1051 1896 2891
0 .0 22 .6 1 2 .0 8 .0 6 .7 11 .0 1 6 .0
No.
224
225
226
227
228
229
230
231
232
233
234
235
236
237
TABLE I (continued)
Date Station 6-7 7 -8 8-9 9-10 10-11 11-12 12-1 1 -2 2 -3 3 -4 4 -5
9 -3 -5 2 Md.: Laurel 5797 8930 10953 15212 5432 3740 4425 1335 244
144.0 118.8  111.6 118.8 3 8 .8 25.3 3 6 .4 15 .6 1 0 .0
9 -5 -5 2 tt i i 1593 2727 3038 2122 2753 2185 979 474 347
87 .0 58.8 35.3 1 7 .4 18 .2 13 .1 5 .4 3 .2 2 .6
9-22-53 it i i 312 12987 23388 30408 39713 31718 29634 22200 16896 5501 4316
25 .7 311.3 353.1 298.2 294.0 198.9 215.0 141.0  120.0  60 .0 89 .0
10-3-52 Md.: Towson 2170 4832 4388 4417 4322 2270 905 4649 112 174
54.5 69 .0 3 8 .9 29 .0 24.0 12 .0 5 .0 29 .0 1 .0 2 .0
9-22-53 it it 2705 12745 16778 24264 27327 37639 28896 19438 .10823 5869 3291
144.0 309.4 231.0 229.0  198.0 242.0 165.0  120.0  79 .0 59.0 6 4 .0
9 -4 -5 2 Mass. : Amherst 1133 1661 3258 5085 4759 4495 3965 3211
45 .0 45 .6 45 .6 53.0 3 8 .0 32 .5 26 .2 21.3
9 -1 -52 Mass. : Boston 183 342 83 0 .0 0 .0 132 0 .0
2 .3 4 .6 1 .5 0 .0 0 .0 3 .3 0 .0
9 -3 -5 2 it i i 539 636 584 322 1280 905 1462 950 105
16 .7 10.3 6 .7 3 .2 1 0 .0 7 .3 13 .7 9 .5 2 .1
10-3-52 i i ti 442 121 0 .0 0 .0 0 .0 264 221
8 .2 1 .2 0 .0 0 .0 0 .0 1 .4 1 .5
10-21-53 £ 0) (0 . : Springfield 4303 1743 4776 4444 10250 6232 3443 2209 595
33 .9 11 .4 26.6 25.1 57.1 3 9 .1 29 .0 3 1 .6 16 .6
10- 2-52 Minn. : Mankato 0 .0 119 0 .0 0 .0 0 .0 266 0 .0 0 .0 0 .0 0 .0
0 .0 1 .0 0 .0 0 .0 0 .0 2 .0 0 .0 0 .0 0 .0 0 .0
9-21-53 Minn. : St. Cloud 484 458 1881 1363 1353 1239 1001
12 .0 6 .4 1 6 .1 12 .2 10 .6 10 .0 12 .0
9-22-53 Miss. : Hosedale 1517 2235 2246 1370 663 465 451 161
16 .0 16 .0 18 .0 8 .0 4 .0 3 .0 4 .0 2 .0
11-1-52 Mo.: Columbia 0 .0 0 .0 0 .0 0 .0 212 440 0 .0 0 .0 178 244
0 .0 0 .0 0 .0 0 .0 1 .1 2 .2 0 .0 0 .0 •1 .7 2 .7
TABLE I (continued)
No. •Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
238 IO-3-52 Mo.: Webster Groves 110 0.0 522 0.0 0.0 0.0 0.0 333 0.0 0.0 149
2.7 0.0 3.8 0.0 0.0 0.0 0.0 2.0 0.0 0.0 2.0
239 9-3-52 Neb.: Bladen 0.0 76 0.0 0.0 0.0 2043 0.0
0.0 1.3 0.0 0.0 0.0 18.6 0.0
240 9-2-52 Neb.: Lincoln 281 212 0.0 575 720 633 264
6.0 6.0 0.0 6.0 7.2 7.2 3.0
241 9-5-52 N. J.: Haworth 2443 3280 3173 2318 3013 897 634
62.0 52.8 32.5 18.1 19.2 5.2 4.0
242 IO-3-52 i i  i i 966 1273 1348 5724 1797 1190 0.0 0.0
56.0 23.0 24.0 41.0 10.0 6.0 0.0 0.0
243 10-1-52 N. J.: Lakewood 215 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
244 IO-3-52 N. J.: Matawan 2150 2038 3723 1161 2692 679 1311 0.0 102 0.0
46.0 28.0 32.4 8.0 15.3 4.0 8.0 0.0 1.1 0.0
245 10-3-52 N. J.: Ramsey 1392 2008 993 2097 2711 1173 167 0.0 99 55
35.0 23.6 8.8 14.0 15.0 6.5 1.0 0.0 1.0 1.0
246 10-3-52 N. J.: Upper Montclair 1998 1940 2899 1609 0.0 184 0.0 0.0 0.0 135
26.0 17.0 19.0 9.0 0.0 1.0 0.0 0.0 0.0 4.0
247 10-3-52 N. Y.: Allegany 392 872 271 385 447 220 0.0 0.0 0.0 0.0
6.0 8.0 2.0 2.3 2.4 1.4 0.0 0.0 0.0 0.0
248 9-3-52 N. Y.: N. Y.: Bronx 4998 6513 6432 5731 4389 2842 2840 3132
67.2 72.5 55.0 4L.6 33.9 22.0 28.1 39.4
249 9-3-52 N. Y.: Brooklyn 250 1228 1346 4105 6277 11556 9374 5156
18.0 44.1 25.1 50.9 60.0 93.0 •68.0 42.6
250 9-4-52 t i  t i 1355 1823 1389 2937 4220 2960 5796 2425 2229
112.1 48.0 20.5 27.4 33.9 21.0 43.9 22.9 21.0
251 11-1-52 t i  t i 4167 7476 17398 .16854 22646 8190 3172 3304
48.4 61.2 111.6 90.9 115.4 56.5 26.0 32.0 o
No.
252
253
254
255
256
257
256
259
260
261
262
263
264
265
TABLE I (continued)
Date Station 6 -7 7 -8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3 -4 4 -5
9 -3 -5 2 n . y.: Oneida 687 804 1?/,1 4530 3566 1409 1603 901
13 .4 8 .1 10 .6 3 3 .0 26 .0 13 .0 21.0 1 9 .2
10-4-52 it 1! 0 .0 69 100 0 .0 0 .0 178 0 .0 0 .0 0 .0
0 .0 1 .0 1 .0 0 .0 0 .0 1 .0 0 .0 0 .0 0 .0
8-27-53 N. Y .: Rochester 145 142 480 291 1181 1847 1356 948
9 .2 7 .6 9 .0 3 .6 9 .0 12 .0 8 .0 5 .5
9 -5 -5 2 N. Y .: Summerville Pier 311 849 610 1012 320 174 0 .0 139
16.6 19 .6 7 .0 8 .0 2 .1 1 .1 0 .0 1 .0
10-3-52 N. Y .: Troy- 4431 2749 1935 1123 573 0 .0 274 693 0 .0
94 .4 3 0 .0 1 7 .8 7 .2 3 .1 0 .0 1 .7 5 .2 0 .0
9 -3 -52 N. Y .: West Hyack 720 5330 9261 8348 7713 14419 5886 2795 630 504
3 4 .0 113.0 120.0  75 .0 58.0 103.0 4 8 .4 28 .0 11 .0 18 .0
10-4-52 tt it 665 154 0 .0 0 .0 0 .0 396 0 .0 0 .0 0 .0 652
18 .0 2 .0 0 .0 0 .0 0 .0 2 .0 0 .0 0 .0 0 .0 5 .0
10-3-52 N. C.s Charlotte 631 1004 4616 8622 10243 10699 12812 12552 4238
3 2 .2 57.5 9 8 .8 82 .8 78.9 64 .7 67 .2 6 2 .8 21 .8
11-1-52 ti it 217 1551 3000 3882 4629 4388 2501
6 .0 24 .0 28.3 26.2 26.0 21.5 1 2 .0
10-3-52 N. C .: Guilford 1265 5941 10265 11764 12899 23239 13229 4654 1320 2461 1429
78 .0 219.6 176.1 110.2 87 .1 128.8 67 .5 24.0 8 .0 1 8 .0 1 6 .0
9 -4 -5 2 N. C .: Highlands 191 423 813 619 852 343 294 221
3 .4 5 .1 6 .0 4 .0 5 .1 2 .0 2 .0 2 .0
10-23-53 N. D .: Ft. McKeen 97 34 0 .0 125 188 0 .0 0 .0
4 .3 1 .0 0 .0 1 .1 1 .1 0 .0 0 .0
9 -2 -5 2 N. D .: Kenmare 101 142 115 64 288 189 395 108
5 .0 5 .0 2 .0 1 .0 5 .0 4 .0 12 .0 6 .0
10-1-52 n ti 43 271 182 541 340 140 0 .0
1 .1 4 .0 2 .0 5 .0 3 .0 1 .0 0 .0
TABLE I (continued)
No. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
266 10-2-52 N. D.: Kenmare 68 0.0 43 207 0.0 0.0 0.0 0.0 184 58 511 173
. 6.5 0.0 1.0 3.0 0.0 0.0 0.0 0.0 2.0 1.1 9.0 3.3
267 10-3-52 II 11 137
9.0
207
5.0
222
3.0
474
4.0
751
5.2
470
3.0
0.0
0.0
849
6.0
268 10-3-52 Ohio: Athens 853 1916 1322 1203 856 0.0 0.0 0.0 0.0 0.0
15.4 18.4 9.0 7.2 4.9 0.0 0.0 0.0 0.0 0.0
269 10-3-52 I t t t 914 1040 861 766 728 228 0.0 244 0.0 0.0
15.3 10.3 5.9 4.4 3.9 1.2 0.0 1.9 0.0 0.0
270 Average #268 and #269 884 1478 1092 985 792 1 H 0.0 122 0.0 0.0
15.4 14.4 7.5 5.8 4.4 .6 0.0 1.0 0.0 0.0
271 10-2-52 Okla. : Norman 3651 6048 5295 5906 6751 5029 825 372 226 114 113
78.0 76.0 44-0 37.3 39.1 28.4 5.2 3.0 3.0 3.0 3.5
272 10-31-52 11 11 927 440 535 1173 405 0.0 0.0 264 0.0
8.0 3.0 3.0 6.0 2.0 0.0 0.0 2.0 0.0
273 9-2-52 Okla. : Ponca City A 0.0
0.0
134
8.0
226
5.0
140
2.0
711
6.0
1021
8.0
3246
30.0
274 9-3-52 Pa.: Greenville 0.0
0.0
153 
S.6
571
11.5
380
3.3
275
1.6
298
1.6
0.0
0.0
275 9-3-52 Pa.: Hellertown 93 2645 5644 5224 7946 3144 4325 3746 1354
9.2 132.0 125.2 63.0 74.4 62.2 30.0 29.4 13.0
276 9-3-52 Tenn. : Knoxville 3033 5322 7322 5662 5244 4665 2658 740 879
91.0 81.0 73.0 45.0 38.0 32.1 20.6 7.0 12.0
277 10-1-52 11 it 4571 3490 2738 2303 830 1561 893 542 215
44.0 25.2 17.0 15.5 6.1 14.0 10.5 15.0 13.8
278 9-21-53 t i 11 20033 12498 14788 11743 
268.0 112.0 103.0 79.0
8961
58.7
9399
71.0
4473
46.0
3518
67.0
666
41.4
279 10-21-53 t i 11 5761 4344 3645 2495 4195 1764 1516 1141
39.9 25.0 18.8 13.0 23.0 11.6 13.1 18.1 fo
No.
280
281
282
283
284
285
286
287
288
289
290
291
292
293
TABLE I (continued)
Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4
9-2-52 Term.: Memphis 5932 3596 4979 3755 3651 1038 1332 1411 226
126.0 53.6 49.6 31.6 28.0 9.5 13.7 22.5 13.4
9-3-52 ii 127 839 2125 844 2439 1852 2008 246 539
5.0 14.2 23.1 6.4 17.0 16.8 13.9 2.1 10.0
10-1-52 " it 129 981 806 349 1758 570 2008 838 2905 827
3.0 9.8 5.9 2.4 10.7 3.8 15.5 9.6 52.5 37.1
10-2-52 " ii 8742 9358 13445 6084 8595 3344 2455 1599 870
148.3 97.9 98.1 36.0 47.3 19.2 15.5 14.7 10.9
10-3-52 1 V! 634 598 776 179 1083 0.0 374 0.0 0.0
14.0 5.7 6.2 1.0 5.6 0.0 2.0 0.0 0.0
10-4-52 1 It 87 790 92 319 1168 501 242 0.0
2.1 11.7 1.1 2.1 6.2 2.4 1.2 0.0
10-5-52 " tt 221 313 1456 489 0.0 0.0 0.0
21.3 8.6 19.5 4.2 0.0 0.0 0.0
10-30-52 " It 0.0 0.0 0.0 0.0 970 0.0 0.0 113 101
0.0 0.0 0.0 0.0 5.3 0.0 0.0 2.7 4*4
10-31-52 " It 0.0 1502 553 0.0 0.0 0.0 0.0 248
0.0 10.0 3.0 0.0 0.0 0.0 0.0 2.0
11-1-52 » II 0.0 0.0 0.0 206 649 0.0 0.0 0.0
0.0 0.0 0.0 1.0 3.3 0.0 0.0 0.0
11-3-52 « II 774 1612 3055 298 1196 3224 776 1620 1256
28.5 32.1 34.0 2.2 7.0 15.6 3.6 7.6 6.5
9-20-53 " tt 2149 554 129 412 639 950 711 151
21.4 4.4 1.1 3.0 7.2 21.3 32.0 14.3
9-21-53 ” It 2253 1999 3915 3887 3569 1962 2149 912. 140
38.9 19.6 28.3 24.7 22.6 13.0 19.6 11.8 5.2
9-22-53 " II 164 281 343 426 1069 657 526 145 706
7.5 5.1 4.2 3.5 7.0 4.0 3.2 1.0 5.3
No.
294
295
296
297
298
299
300
301
302
303
304
305
306
307
TABLE I (continued)
Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3
9-23-53 Tenn.: Memphis 0.0 95 148 179 180 648 931 0.0
0.0 1.1 1.2 1.0 1.1 3.3 5.0 0.0
10-21-53 " " 0.0 626 547 2107 224 1015 890
0.0 5.3 3.4 11.3 1.1 5.2 5.6
10-22-53 ” M 1987 2533 4215 2032 883 2325 859 564
34.2 30.1 30.6 11.2 4.4 11.3 4.4 3.3
9-2-52 Tenn.: Nashville 592 4654 4446 8924 5242 1829 1068
9.1 60.2 40.0 69.1 42.2 17.3 13.2
9-3-52 " " 362 956 1797 1399 1319 2728 2291 840
9.0 16.0 19.0 11.0 10.0 19.0 17.1 10.0
10-2-52 " « 3047 3087 5970 2797 2136 1834 1740
55.4 44.3 34.7 15.8 12.8 13.3 16.8
10-10-54 " " 81 228 126 317 172 337 298 220 0.0
1.3 2.0 1.0 2.0 1.0 2.0 2.0 2.0 0.0
9-10-54 Tex.: Austin 1812 4583 8335 5795 14976 24190 9057 5002
31.2 49.0 68.0 38.8 94.8 161.0 80.9 72.8
10-4-52 Tex.: Bolivar Point 155 237 83 128 0.0 239 0.0 0.0
4.0 4.3 1.1 1.0 0.0 1.2 0.0 0.0
10-2-52 Tex.: College Station 1599 4750 9325 14723 9702 9659 6513 4252
37.0 56.7 72.5 89.7 52.6 52.4 37.5 28.9
10-3-52 " » 2052 807 1207 809 1634 2014 1027 705
61.2 11.3 10.2 5.1 9.0 10.0 5.2 4.1
10-31-52 " » 292 469 141 549 656 2830 2367 1340
4.0 5.4 1.1 3.1 3.3 13.7 12.0 7.6
9-21-53 " " 1801 4704 4614 9672 5874 3320 2454 1591
34.0 54.6 35.7 62.1 34.9 20.0 16.8 13.7
10-10-54 " " 173 168 546 0.0 0.0 355 1311 112
2.0 1.1 3.6 0.0 0.0 2.0 9.0 1.3
TABLE I (continued)
No. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
308 9-2-52 Tex.: Commerce 256 68 301 424 0.0 515 370 78 48 7 0.0
4.8 1.2 3.1 3.7 0.0 4.0 3.1 1.3 1.3 1.0 0.0
309 10-1-52 u i i 1550 14058 21890 44385 51510 107845 5547
20.0 122.6 147.2 268.8 312.4 770.6 48.0
310 10-2-52 i i n 3381 4970 2842 12625 9075 4629 2709 1696 656 692
80.0 58.9 22.6 79.0 50.4 25.1 16.4 13.2 6.5 11.0
311 10-31-52 i i i t 521 1658 668 1848 21 ?/, 1770 1243 2964
9.2 20.0 5.4 10.9 10.8 8.7 6.2 16.0
312 9-21-53 t i St 1056 3464 7150 6480 4435 2690 448 553 425
18.0 38.9 57.8 41.4 28.8 17.8 3.4 5.3 6.5
313 10-20-53 t i II 495 1634 679 390 1003 419 728
6.0 14.4 4.6 2.2 5.3 2.3 4.0
314 10-10-54 t i 11 172 165 533 647 494 415 407 320 302 0.0 120
2.7 2.3 4.1 3.9 2.7 2.2 2.2 2.3 2.3 0.0 5.0
315 10-2-52 Tex.: Dallas 11/, 46 5696 2418 7506 8691 8960 4711
342.0 133.4 28.8 61.6 62.0 50.3 25.2
316 10-3-52 t i i t 484 610 601 537 607 0.0 0.0
48.0 23.9 9.2 5.2 4.0 0.0 0.0
317 10-3-52 Tex.: Denton 100 156 123 348 463 687 1004
2.7 2.9 1.3 2.4 2.7 4.0 6.0
318 10-3-52 Tex.: Galveston Beach 272 1582 873 1723 1259 1853 372 280 0.0 435
4.6 12.8 5.6 9.0 6.2 9.3 2.0 2.0 0.0 7.8
319 9-4-52 Tex.: Harlingen 504 2963 1339 11301 18428 29889 45167 25033 18068
44.8 131.6 78.5 101.3 119.5 209.3 227.6 136.7 117.6
320 9-5-52 Tex.: Houston 1126 3246 2977 2068 4749 3221 3021 1006 726
50.0 57.8 31.0 15.3 27.1 16.3 15.3 5.5 5.2
321 10-3-52 t i i i 181 2182 442 0.0 1599 1216 600 191 237 0.0
2.2 16.5 2.6 0.0 7.8 6.2 3.4 1.2 2.2 0.0
Gvn
TABLE I (continued)
No. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
322 9-3-52 Va.s Arlington 2215 5697 10579 12856 12692 11576 9056 5963 2526
105.9 130.2 146.0 129.0 101.4 83.5 65.1 52.5 27.0
323 9-30-52 i t n 10069 15775 14558 22834 29868 30611 23895 17245 4727
186.0 220.4 153.0 210.0 257.4 267.2 244.1 244.4 178.5
324 10-3-52 «t t t 1007 4017 5834 4761 6583 2891 2031 1826 289 217 224 432
97.5 134.9 85.1 41.1 45.5 16.1 10.9 10.2 2.1 2.1 3.1 6.2
325 10-1-52 Wash.: Pullman 135 1050 1275 504 820 96 475 496 98 110 85
4.4 18.0 14.0 4.0 7.0 1.0 4.0 6.0 2.0 5.0 5.2
326 11-3-52 t! t t 88 70 52 208 0.0 0.0 0.0 0.0 202 334 0.0
8.7 2.0 1.0 2.0 0.0 0.0 0.0 0.0 1.0 2.0 0.0
327 10-3-52 W. Va. : Huntington 1325
20.0
1740
17.0
1235
9.0
1569
7.0
1105
6.0
175
1.0
0.0
0.0
323 9-4-52 Wis.: Appleton 70 111 128 357 817 488 0.0 0.0 0.0 0.0
5.2 3.9 2.0 3.4 6.7 3.3 0.0 0.0 0.0 0.0
329 10-2-52 Wis.: Wausau 1026 1839 2704 2541 2234 663 462 274 0.0
20.0 21.0 23.0 34.0 14.0 5.0 4.0 3.0 0.0
330 10-2-52 Wyo.: Laramie 266
5.1
389
3.1
750
5.2
0.0
0.0
0.0
0.0
0.0
0.0
36
5.3
331 10-2-52 Can.: Ont.: Bear Island 232
2.0
318
2.4
0.0
0.0
154
1.0
0.0
0.0
189
1.5
0.0
0.0
332 10-3-52 i t i t  t t 97
1.0
0.0
0.0
336
2.2
197
1.3
0.0
0.0
163
1.2
0.0
333 9-2-52 Can.: Saskat.: Yorkton 78
2.2
655
15.5
611
11.1
1659
30.0
684
12.2
1005
21.1
399
10.0
334 9-21-53 t t t t  t t 59 146 626 385 90 0.0 75 73 0.0 0.0 614
3.0 4.4 9.3 4.2 1.0 0.0 1.2 1.0 0.0 0.0 35.9
TABLE I (continued)
No. Date Station 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
335 9-5-52 Mex.: Chiapas: Tuxtla 299 569 0.0 912 1968 3911 6666 5873
Guttierez 7.0 7.2 0.0 5.4 10.0 18.0 31.2 30.0
336 10-3-52 Canal Zone: Cerro Pena 1152 1477 495 1836 5673 3110 1730 3924 2188
12.0 11.0 3.0 9.0 25.9 14.6 9.0 25.0 18.0
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Additional Station Data
The following list of stations, arranged in the order of their 
positions in Table I, gives certain additional information: the
latitude and longitude of the observation point; the number of sets 
of data and number of hours of observation contributed to this study 
by the stationj the name of the institution or organization cooperating 
with the program; and the names of the persons participating in the 
field work. All latitudes are, of course, north latitudes and all 
longitudes, west longitudes. The name of the participant, or 
participants, who directed the field work and compiled the data at 
each station is underlined. In cases where the compiler did not 
actually make any of the observations himself, his name appears in 
parentheses. A few names had to be omitted from the lists because they 
were reported without either given names or initials.
Birmingham. Ala.—  33° 311* 86° 51'j 2 sets, 20 hours; Birmingham- 
Southern College; E. Plummer Beaumont, F. Bozeman Daniel, Thomas A. 
Imhof. Russell L. Jones, Vincent C. Messina, Morton H. Perry.
El Dorado. Ark.—  33° 16', 92° 381; 9 sets, 97 hours; Jerry 
Anderson, Ronald Anderson, J. Armstrong, Robert Blackwood, Bill Brown, 
Gilbert Camer, Charles Cleveland, C. Craighead, Howard M. Elder, C. 
Engelberger, Bert Estes, J. Gilles, Bill Golder, Mr. and Mrs. Roy 
Grantom, Gene Green, G. Haase, William Haliburton, Sr., William 
Haliburton, Jr., Margaret Hammond, Nancy Heard, David Hendrick, R. 
Hicks, Arnold J. Hoiberg. Mrs. C. S. Hoiberg, J. Hoiberg, J. Johnson,
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Barney Jones, Bill Jones, Herbert Kaufman, R. H. Kaufman, George 
Kassos, D. Kelly, Pat Kennedy, Russell Koons, J. L. Lee, J. Mann, 
Richard Mayfield, Bill McCarty, Edmund McKenna, J, McLean, John 
McMahon, Tom McRae, Charles Misenheimer, Thomas Nethercut, B. Nolan, 
Donald Offutt, Betty Owens, Thomas Owens, Edwin Parks, Herbert Plack, 
M. Riley, Harold Rowan, H. K. Shugart, Leo Spillane, Dale Stallard,
D. Stringfellow, R. Sturges, Abbie Terry, E. J. Tracy, Thomas Vander- 
grift, W. C. Ware, Jackie Webb, Doyle Williams, G. D. Williams,
Audrey Wilson, B. Wimer, Don Wolfe, Billy Wolfe, J. I. Wood, J. N. 
Wood, Lucy Ann Xoung, Grover Zinn.
Little Rock. Ark.—  34° 44', 92° 15'J 14 sets, 118 hoursj Mrs.
H. L. Cornish, Peter Cornish, Mrs. John Hackett, Nancy Harper, Mrs.
W. S. Hicks, Reata Humphreys, Zoe Johnson, Mr. and Mrs. Harold Judd, 
Shirley Kirchaff, Mrs. Lawhon, Francis McSwain, Mrs. H. E. Nunn, Mrs. 
Henry Pofake, John F. Rea, Mrs. John F. Rea. Mrs. A. G. Ritter, Mrs.
E. R. Saunders, Robert Shelvin, Mrs. Cliff Springer, Sue Springer,
Mrs. J. L. Todd, James Williams, Sue Williams, Mr. and Mrs. B. A. 
Wheeler, Mrs. C. J. Zimmerman.
Los Gatos. Calif.—  37° 14*, 121° 57'J 3 sets, 28 hoursj Grace 
Brubaker, Lester Brubaker, Frank Canter, Elsie Hoeck, Juliette Jones, 
Mrs. McRae, Agnes Prusman, Clyde Prusman, Mary Ellen Shore, Charles
G. Sibley. Frances Sibley, Elizabeth Smith, Emily Smith. Etta W.
Smith, Charles Zwaal, Fanny Zwaal.
San Jose. C a l i f 37° 20', 121° 53'J 3 sets, 34 hoursj San Jose 
State Collegej Charles G. Sibley and ornithology class.
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Santa Ana, Calif.-—  33° 45’> 117° 52’; 1 set, 11 hoursj Orange 
County Audubon Society; Priscilla Allen, Mildred Brewer, Helen Brough. 
Mary Fuller, Christine Guerra, John Guerra, Dan Maher, David Maher, 
Vance Plumb, Ruth Smith, Edith Thatcher, Chester Wolff, Mabel Whiting, 
Alice Zimmerman, Fern Zimmerman, Minnie Zimmerman.
Boulder. Colo.—  40° 00', 105° 17'J 2 sets, 21 hoursj Douglas 
Alexander. Gordon Alexander, Marion Alexander, Larry Crowley, Dominick 
D'Ostilio, Robert Gregg, Eleanor Hough, John Hough, Richard Miller, 
Margaret Powers, Alexis San Miguel, William Weber, Olwen Williams.
Gainesville. Fla.—  29° 38’, 82° 18*; 1 set, 11 hours; University 
of Florida; Claude Adams, Julian Baumel, Marjorie Briggs, Pierce 
Brodkorb, Robin Cooley, Robert Heilman, Thomas Hicks, David Karraker, 
Edward Mockford, Nicholas Nader.
Lighthouse Point. Fla.—  29° 54', 84° 21*; 1 set, 10 hours; Leon 
Neel, Herbert L. Stoddard, Sr.
St. George Island, Fla.—  29° 44'> 84° 44'J 5 sets, 48 hours; Leon 
Neel, Herbert L. Stoddard, Sr.
Winter Park. Fla.—  28° 35* > 81° 211; 4 sets, 42 hours; Rollins 
College; William Davidson, Hugh U. Davis, Sherward Evans, Merritt C. 
Farrar, William Shelton.
Athens, Ga.—  33° 58', 83° 23’j 1 set, 7 hours; University of 
Georgia; Willard Colston, J. H. Jenkins, E. J. Kuenzler, Eugene P. 
Odum, Robert Pearson, Albert Schellhorse, Herschell Webb.
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Atlanta. Ga.—  33° 46’, 84° 23’; 1 set, 11 hours; George Beal, 
Rebecca Brown, Carmen Dobbs, Rufus Godwin, Claire Gordon, William 
Griffin, Mr. and Mrs. H. M. Herreraan, Richard Parks, Harold S. Peters. 
Mrs. Harold S. Peters, Mary Phillips, Cleo Sampson, J. M. Smith, 
Frances Stafford, C. H. Stoner, Folsom Vail, R. Werner.
Rome. Ga.—  34° 16', 85° 11'; 5 sets, 51 hours; Floyd County 
Audubon Society; Macon Brock, Dr. and Mrs. Fred Crenshaw, Carl Dance, 
W. A. DuFre, Dee Gavant, Mr. and Mrs. Ligon Henderson, Gordon L.
Hight. Adrian Howell, Jr., Douglas Hulsey, Juanita Lester, Lewis 
Lipps, MacLean Marshall, Ben Maulsby, Louise Nunnally, Stewart 
Rosenthal, Harland Starr, Robert' Weyraon.
Sherwood Plantation. Ga.—  30° 40*, 84° 07'; near Thomasville,
Ga.; 2 sets, 16 hours; Leon Neel, Herbert L. Stoddard, Sr.
Moscow. Idaho—  46° 44*, 117° 00*; 1 set, 10 hours; Jerry Vemer. 
Lief Vemer.
Richmond. In d . —  39° 51’j 84° 4 7 ’ ; Earlham C o lleg e; Mary Bloemker,
Pat Borden, James Cope. S h ir le y  Frame, M urvel G am er, B a rr ie  H unt, Jay
S c h n e ll, G ertrude Ward, Robert W arner, Jack W illia m s .
Ottumwa. Iowa—  41° 02', 92° 25'; Charles C. Ayers. Jr., Darleen
Pullins, Charles Wurley,
Baldwin. City. Kan.—  38° 42', 95° 18'; 4 sets, 32 hours; Baker 
University; Amelia J. Betts. Dr. and Mrs. Ivan L. Boyd, Mr. and Mrs.
T. A. Evans, Phoebe Gates, D. Harwick, Katharine Kelley, Mrs. Francis 
McKaughan, Ray F. Miller, Paul Mullen, Dwight Shenk.
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Lawrence. Kan.-—  38° 58*, 95° 15* 5 2 sets, 19 hours; University 
of Kansas; Rollin H. Baker, J. S. Findley, Richard P. Grossenheider, 
Richard B. Loomis, H. J. Stains, W. B. Stallcup, Harrison B. Tordoff.
Olin L. Webb, John A. White.
Louisville. Ky.—  38° 14’, 85° 46’} 5 sets, 40 hours; Mr. and Mrs. 
J. Altshelar, Allan Baker, Leonard C. Brecher, Mr. and Mrs. William 
Fleisher, Thomas Fuller, John Gates, Milton Glock, Frank Krull,
Mary Krull, Dr. and Mrs. Harvey B. Lovell, Charles Mitchell, Burt L. 
Monroe, Sr., Mr. and Mrs. Kenneth R. Patterson, Louis Pieper, Marie 
Pieper, Evelyn Schneider, Walter H. Shackleton, Mrs. B. Shannon,
Francis P. Shannon, Mabel Stack, Mr. and Mrs. Frederick W. Stamm,
Charles Strull, Mr. and Mrs. William B. Tabler, Audrey Wright.
Murray. Ky.—  36° 23', 88° 18’; 4 sets, 39 hours; Murray State 
College; Mr. and Mrs. M. K. Beck, Grace Wyatt and students.
Alexandria. La.—  31° 17', 92° 27’; 1 set, 11 hours; John D.
Newsom, Ray M. Rogers, Charles R. Shaw. Kitty Shaw.
Baton Rouge. La.—  30° 26’, 91° 10’; 67 sets of 7 hours or more 
totalling 600 hours, an additional 44 sets of less than 7 hours 
totalling 218 hours; Louisiana State University, Louisiana Ornitho­
logical Society; W. Abraham, Arthur Aitkens, Dewey Albritton, Jorge 
Arreola, Robert Bee, Edwina Behre, Ellinor H. Behre, William Belknap, 
Harry J. Bennett, H. Bruce Boudreaux, Robert Broussard, Rosalie Brown,
E. Bryant, Juan Bueso, Juan Carbone, E. Dean Cason, John Coleman, Beth 
Crew, P. Ambrose Daigre, Joseph Davis, Ramon Elvir, Edward J. Fairchild, 
Beth Freeman, Louis Freeman, Robert Frost, Charles C, Fugler, Erskine
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Gandy, Ira D. George, Richard T. Gregg, Leonardo Guerrero, Robert C. 
Hallmark, Byron Harrell, F. Harrison, L. Harvey, C. W. Herren, Hubert 
Hervey, Frances C. James, Robert W. Krebs, Marvin Kendrick, Thomas 
LaHaye, Victor Lambou, D. S. Lambert, Joseph Lamendola, Joan Landry, 
Hugh Lewing, K. Losbusan, George H. Lowery, Jr., Fritz Martty, Frances
D. McCarthy, Marcus McCormick, Troy McQueen, Robert Merchant, Grover 
Miller, Robert B. Moore, Russell Moore, Arthur Morse, J. D. Murry, 
Marcella Newman, Robert J. Newman, Alfred Olinde, Francisco Parada,
C. Pitts, J. H. Phillips, Monte Phillip, Sylvester P. Pincus, Charles 
Pitts, Buford E. Prince, Terry Pullig, Albert N. Robinson, Muriel 
Robinson, Davis Rogers, Sam Rosso, Maurice Royer, Stephen M. Russell, 
Charles Savastana, Jr., Harry J. Sherman, Herbert E. Shadowen, Pharaby 
Short, S. L. Sizeler, Thomas A. Standard, Harry Stein, Herbert Stem, 
John W. Tarver, Ruth M. Todd, Steve Vaccaro, Kenneth Veca, Leroy 
Waggenspeck, Fred Webbert, Richard Young.
Grand Isle. La. (L. S. U. Marine Laboratory)—  29° 14', 90° 01’j 
2 sets, 21 hoursj P. Ambrose Daigre, George H. Lowery. Jr., Jean 
Lowery, Jeannette Lowery.
Grand Isle. La. (oil rig 8 miles offshore)-- 29° 14', 90° 01«j 
2 sets, 19 hoursj Charles C. Fugler, Herbert E. Shadowen. Gaston 
Smith.
Port Allen, La.—  30° 26’, 91° 13'j 2 sets, 16 hoursj Dewey 
Albritton, H. Bruce Boudreaux, Edward J. Fairchild, Louis Freeman, 
Richard T. Gregg, Robert Hallmark, Victor Lambou,^ Charles Savastana, 
Jr.
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Shreveport. l£.~ 32° 30’, 93° 45'J 3 sets, 22 hours; Centenary 
College; C. W. Herren,
Laurel, Md.—  39° 07', 76° 52'; 3 sets, 31 hours; Chandler S. 
Robbins. Eleanor C. Robbins,
Towson, Md.—  39° 231* 76° 35'j 2 sets, 23 hours; Ethan A.
Andrews, Jr., Madeline K. Cole, Richard D. Cole, Orville W. Crowder, 
Mrs. Richard Dubois, Mrs. Carl G. Francis, Suzanne Francis, Mr. and 
Mrs. G. Mitchell Griffith, Mrs. Robert Kaestner, C. Herren Kolb, Jr., 
Mr. and Mrs. Carl B. Lubbert, Joyce Lubbert, D. R. McComas, William 
McHool, Mrs. Whitman Newell, Mr. and Mrs. Herbert Strack.
Amherst, Mass.—  42° 23’, 72° 31'J 1 set, 8 hours; University of 
Massachusetts; Lawrence M. Bartlett.
Boston, Mass.—  42° 21', 71° 06’; 3 sets, 23 hours; Bemetta 
Boot, Grace Cramer, Barbara Dutton, Natalie King, Ivy LeMon. Elsie 
Meyer, Carolyn Morse, Jane 0 'Regan, Charles Parker, Rod Sommers, Mr. 
and Mrs. Wade.
Springfield, Mass.—  42° 07’, 72° 33’; 1 set, 10 hoursj Springfield 
College; Paul Bolduc, John Brainerd, Margie Caldwell, Richard Denning, 
Betty Elliot, Robert Falvo, Douglas Guyett, Rodney Holltzel, Francis 
Licciardiello, Sally Marshall, Roger Martin, Verna Shafer, Joan 
Shepard, George Sparks, William A. Tompkins, Jo Weckwerth.
Mankato, Minn.—  44° 15', 94° 00'; 1 set, 10 hours; Robert 
Hanlon, William R. Luwe, Mrs. W. R. Luwe, Helen Older.
St. Cloud, Minn.—  45° 35'> 94° H'j 1 set, 7 hoursj Bob Chesness,
H. H. Goehring, Max Part ch.
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Rosedale. Miss.—  33° 50*, 91° 00’; 1 set, 8 hours; M. G. Vaiden. 
Mrs. M. G. Vaiden.
Columbia. Mo.—  39° 00’, 92° 13’J 1 set, 10 hours; University of 
Missouri; Ronald Balham, Dorris Clarke, (William Elder). Mr. and Mrs,
W. D. Hanson, Mr. and Mrs. J. Hendricks, Daniel McKinley, Conrad Miller, 
Grant Williams.
Webster Groves. Mo.—  38° 38', 90° 17'; 1 set, 11 hours; James 
Comfort. A, W. Dreyer, F. Erb, David Jones, Robin Jones, Mae 0’Byrne, 
Stuart O'Byrne, John Roach, Bruce Tanner, Inez Wright.
Bladen. Neb.—  40° 27', 98° 39'; 1 set, 7 hours; Harold Turner. 
Lincoln. Neb.—  40° 48', 96° 42•; 1 set, 7 hours; Henry Baumgarten, 
David Cutler. Grace Spidell, Donald Williams.
Haworth. N. J.—  40° 57% 73° 59'; 2 sets, 15 hours; John Mann,
C. H. Nichols, C. C. Ragsdale.
Lakewood, N. J.—  40° 06', 74° 42'; 1 set, 8 hours; Georgian Court 
College; Mary Di Benedetto, (Sister Mary Grace), Marie Martin.
Matawan, N. J.—  40° 24', 74° 16’; 1 set, 10 hours; Stockton H. 
Hopkins, William F. Sandford, Mrs. W. F. Sandford.
Ramsey. N. J.—  41° 04% 74° 09'; 1 set, 10 hours; Eleanor E.
Pater. J. Y. Pater, Mr. and Mrs. E. MacDonald, Mrs. Charles Scott.
Upper Montclair, N. J,—  40° 51% 74° 13'; 1 set, 10 hours; C. D. 
Brown, Mrs. 0. D. Grismore. Suzanne Haupt, Dick Herbert, Tod Newberry, 
Kathleen Skelton, F. D, Wolfarth,
Allegany. N. Y,—  42° 05' # 78° 29'; 1 set, 10 hours; St. Bonaventure 
University; J. Brown, Henry Donahue, Stephen Eaton. Francis Liegey,
Frank Yackovitch,
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Brooklyn. N. Y.—  40° 38’, 73° 53*; 3 sets, 25 hours; Robert 
Clermont, Edwin Daly, Edmund McGovern, Joseph A. Nielson, Ernest 
Restivo, Esther K. Swayer, Janet Watson, Alma Whelen, Edward J.
Whelen.
New York. N. Y. (Bronx)—  40° 06', 73° 86'; 1 set, 8 hours;
Paul Skaritka.
Oneida. N. Y.—  43° 04', 75° 36'; 1 set, 17 hours; Dorothy Ackley, 
Alen Jones, J. N. Milnes. Harmon Noedecker, Helen Noedecker, Florence 
Owen, P. Paquette, Silva Paquette, Robert W. Smith, Helen Wyland.
Rochester. N. Y.—  43° 10', 77° 37'; 1 set, 8 hours; Robert J. 
Sywalski.
Summerville Pier. N. Y.—  43° 16', 77° 36'; 1 set, 8 hours; Milton 
Goff, Reginald Hartwell, Robert McKinney, Laura Moon, Neil Moon, Leo 
Taughe, Harry Van Burden.
Troy. N. Y.—  42° 16', 73° 39’j 1 set, 9 hours; Rensselaer 
Astrophysical Society, Rensselaer Polytechnic Institute; David Carlson, 
Steve Closs, Louis Erwin, Irwin Hite, Sonja Krause, Carl Speich. Tom 
Stewart, Fred Woeber.
West Nyack, N. Y.—  41° 05', 73° 58'j 2 sets, 20 hours; Eugene 
Brown, Katherine Dieneraann, Robert F. Dee, Frances Edinger, Theodore 
Eiben, Frances Irving. William G. Irving, Dorothy G. Lyman, Lillian 
Ormas, Mabel Weindling, Joseph Worrell.
Charlotte. N. C.—  35° 13'j 86° 51'; 2 sets, 16 hours; Queens 
College; B. Rhett Chamberlain. Margaret S. Chamberlain, Norman A, 
Chamberlain, H. Leeds Cushman, Sarah M. Nooe,
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Guilford. N. G.~ 36° 04’, 79° 54'; 1 set, 12 hours; Guilford 
College; Evelyn Bradshaw, C. E. Breckenridge, N. G. Grubbs, David G. 
Heave. G. R. Neave, George Smith, A. D. Shaftesbury.
Highlands. N. C.~ 35° 03', 83° 11'; 1 set, 9 hours; Mrs. Lou 
Crunkleton, Tolliver Crunkleton.
Ft. McKeen. N. D.—  46° 47* > 100° 50*; 1 set, 7 hours; Donald 
Bischof, J. W. Bischof, D. C. Dufphey, Jack Laschkewitsch, J. P. 
Lashkewitsch, R. N. Randall, C. F. Simmons, D. B. Vogtman.
Kenmare. N. D.—  48° 41'y 102° 05'; 4 sets, 34 hours; Herbert 
Bodmer, Olive Bodmer, Kerait Dybsetter, Phyllis Dybsetter, Ann Gammell. 
Robert Gammell. Heath Gross, Howard Huenecke, Marianne Nelson, Alton 
Pederson, Ruth Pederson, William Schmitz,
Athens, Ohio—  39° 20’, 82° 06'; 2 sets, 20 hours; L. Caron, R. 
Dennis, N. Fogle, T. Gallaugher, G. Hall, M. Repar, H. Robinson, Henry
C. Seibert.
Norman. Okla.—  35° 15'> 97° 26’; 2 sets, 20 hours; University of 
Oklahoma; E. Beilis, L. W. Brown, Harley P. Brown, H. P. Clemens, H. 
Cooksey, R. Coppock, V. Dowell, Jean Graber, Richard Graber, Gordon 
Hall, W. R. Hood, Robert Jenkins, J. C. Johnson, S. M. Parmelee, Mr. 
and Mrs. Gerbert Rebell, C. Riggs, John Wiens.
Ponca City. Okla.—  36° 44'* 97° 01*; 1 set, 7 hours; Mrs. J. P. 
Barrett, Scott Bucker, Georgia G. Creager, Joe C. Creager. Bob Davis, 
George Fluke, Louise Fluke, Charles Haxel, Paul Haxel, Mr. and Mrs.
J. A. McNeese, Frank Pieratt, Virginia Pieratt, Mildred Sandoz, George 
A. Suit, Roger Trengove, Roger Trengove, II.
148
Greenville. Pa.—  41° 25'> 80° 25* J 1 set, 7 hours; Frank W.
Ramsey, James W. Ramsey, Theodore Savchuk.
Hellertovm. Pa.—  40° 31'> 75° 20’; 1 set, 10 hours; A. F. Glose, 
Alice Glose, Evelyn Peffer. Thomas A. Peffer. William K. Prosser.
Knoxville. Term.—  35° 51* > 83° 56’; 4 sets, 35 hours; University 
of Tennessee; J. L. Chamberlain, Robert Dunbar, Mary Euloe, Robert P. 
Hornsby, Joseph C. Howell, Don Hurley, John Jacobs, William M. Johnson, 
Kate Kern, Richard R. Laurence, Robert A. Laurence, Mrs. Lenard, Mr. 
and Mrs. Robert A. Monroe, J. B. Owen, Holly Overton, Paul Pardue, 
Robert R. Scott, William F. Searl, John L. Sonmers, Mr. and Mrs. S. R, 
Tipton, James T. Tanner.
Memphis. Term,—  35° 10', 90° 00'; 17 sets, 150 hours; James 
Allen, Elizabeth Barton, Harold Clark, Ben B. Coffey. Lula Coffey,
Nell Coleman, Robert Cooper, Mary Davant, Tommy Fleming, Richmond 
Gill, Jack Goodman, Lee Grimraig, William Hearn, T. P. Hughes, Oliver 
Irwin, Pauline James, John Johnson, Lawrence C. Kent, Ed King, W. A. 
Kinney, Reed Knight, Charles Marcus, Anna McCrohan, Nelle Moore, 
Patricia Moore, Leon Nall, John Ozier, George Peyton, Jr., Edwin Poole, 
L. M. Ragsdale, Leopold Robert, Sarah 0. Rogers, William Rogers,
Lydel Sims, Alice Smith, Marie Smith, R. Demett Smith, Jr., Ellen 
Stringer, Kirby Stringer, Pearl J. Strickler, Leo Thomas, Dorothy 
Wild, Mr. and Mrs. C, E. Wilmeth, David Wilson, Donald Wilson, Orval 
M. Wood III, Alan Ziegler.
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Nashville. Term.—  36° 10’, 86° 50*; 4 sets, 33 hours; Katherine 
A. Goodpasture, Amelia R. Laskey.
Austin. Tex.—  30° 20', 97° 46’; 1 set, 10 hours; Marshall 
Johnston. Edgar Kincaid, Ada Marie Webster, Fred Webster.
Bolivar Point. Tex.—  29° 23', 94° 43'} 1 set, 10 hours; Billy 
Green, Lawrence Tabony, Frank G. Watson.
College Station. Tex.—  30° 371 > 96° 21*; 5 sets, 48 hours; Texas 
Agricultural and Mechanical College; Marion Badger, Carl 0. Berglund, 
Fred E. Blackstock, Rex Bramlett, Bill Carroll, D. R. Collins, Ed 
Cooper, C. D. Davis, Keith L. Dixon. Martha W. Dixon, John Dorchester,
D. I. Eidemiller, K. A. Floyed, Leslie L. Glasgow, Charles Gray, Tom 
Grelen, G. W. Griffith, Bruce Hagee, Paul Harris, V. M. Hicks, Victor 
Hinze, H. D. Hoese, H. D. Irby, D. Johnson, W. P. Kerr, J. E. Kubicek, 
Paul Vi. Lukens, Ray Meschkat, J. P. Mockford, Jr., A. W. Outlaw, F.
R. Rogers, C. L. Ryan, John Scroggins, J. M. Swint, 0. C. Wallmo.
Commerce. Tex.—  33° 15* > 95° 54'; 7 sets, 63 hours; Elsie Boderaann, 
Mary Bowman, John Clements, Mr. and Mrs. Lilbum Couch, Lea Davis, John 
R. Greenwood, Mr. and Mrs. Loren Kenneraar, Mr. and Mrs. Dallas Lutes, 
Thomas McCormack, Guy Marlow, Harry O'Neil, Norah Selby O'Neil. Dr. 
and Mrs. Arthur Pullen, Bill Rushing, Mr. and Mrs. Joe Ed Smith,
Delores Smith, Mr. and Mrs. Weldon W. Taylor, John Vaughn, James 
Yarbrough.
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Dallas, Tex.—  32° 51*> 96° 51*J 2 sets, 14 hoursj Paisano Bird 
Clubj E. C. Fritz, Billie Hileman, A1 Krueger, Nellie Krueger, Anne 
Orr, Irene Perry, Penny Perry, Georgia Prinz, Mariana Roach, Edith 
Winford.
Denton. Tex.—  33° 12!, 97° 05’j 1 set, 7 hoursj Robert Moore,
Kent Rylander. Roddy Rylander, Robert Sherman, Robert Sherman, Jr.,
Oren Whitehead.
Galveston Beach. Tex.—  29° 19', 94° 50*j 1 set, 10 hoursj Jerry 
Bake, Carrie Holcombe, Maude Hutton, M. A. Yramategui.
Harlingen. Tex.—  26° 13', 98° 57'J 1 set, 9 hoursj L. Irby Davis. 
Marshall Johnston.
Houston. Tex.—  29° 46’, 95° 27'J 2 sets, 19 hours; Mrs. N. Barnes, 
Dudley Bell, Betty Crowley, Miss Hardin, Carrie Holcomb, Mrs. Minor 
Hurst, Emmie Johnson, Eleanore MacMahon, Francis A. MacMahon. Mrs. 
Masingill, Charles McNeese, Ruth Stamm, J. H. Tabony, J. L. Tabony, 
Katrina Thompson, Armand Yramategui.
Arlington, Va.—  38° 52’, 77° 05'J 3 sets, 30 hoursj Samuel A.
Amy, Evelyn C. Hoffman, Russell H. Hoffman, Charlotte M. Hoover,
Irwin C, Hoover.
Pullman. Wash.—  46° 42', 117° 10'j 2 sets, 22 hoursj Washington 
State College; Charles Buechele, G. R. Cummings, D, G. Dunlap, Donald 
S. Famer. George C. Halazon, George E. Hudson, J. King, L. R.
Mewaldt, Douglas Nosier, M. M. Smith, C. Trainer, E. J. Westwood, 
Charles Yocum.
Huntington. W. Va.—  38° 25', ^2° 27'; 1 set, 7 hours; Marshall 
College; Joe Billups, (Ralph Edebum). Dorothy Fisher, Lois Garret,
N. B. Green, Ruth Hancer, Julia Ken, Hugh Land, David Pilkinton.
Appleton. Wise.—  44° 131> 84° 28'; 1 set, 10 hours; Cora Harvey, 
Carroll McEathron, Evelyn Playman, K. T. Rogers, N. Rogers, (Walter
E. Rogers). F. Vawter.
Wausau. Wise.—  44° 55', 89° 37'; 1 set, 9 hours; D. Andrews, E.
Andrews, R. Andrews, D. Bierbrauer, Emily Bierbrauer, G. Brabender,
Mrs. Bugbee, M. Colby, B. Doty, S. Doty, B. Hylkema, D. Koslovsky, J. 
Koslovsky, J. Kreuger, Mrs. Mortenseu, E. Nelson, B. Pearson, (Walter
E. Rogers). Mrs. Shapp, J. Teeple, M. Teeple, C. Tilden, 0. Wells.
Laramie. Wyo.—  41° 18!, 105° 35'; 1 set, 7 hours; Arthur B.
Mickey. Frances W. Mickey.
Bear Island. Ont.. Canada—  46° 58', 80° 05'; 2 sets, 14 hours;
Ian R. Halladay.
Yorkton. Saskat.. Canada—  51° 12’, 102° 28’; Wayne Bjorgan,
Lionel Coleman, Bob Hart, Mary Houston, Stuart Houston, John Hutchinson, 
L. F. Kustush, Fred Langstaff, Phil Pawluck, Tony Pawluck, Cliff Shaw, 
Darcy Wershler.
Tuxtla Guttierez. Chiapas. Mexico—  16° 45’, 92° 66'; 1 set, 8 
hours; Miguel Alvarez del Toro. Miguel A. Palacios Rincon.
Cerro Pena. Canal Zone—  8° 34', 80° 04’; 1 set, 9 hours; George
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The Selections
A3 previously explained (on p. 31 ), the data of Table I have 
been studied in various groupings or combinations referred to as 
selections and identified by number. The content of the 27 selections 
mentioned in the report is specified below. The description of each 
selection includes the total number of cases concerned (that is, the 
total number of sets or averages of sets) and a listing of the numbers 
of the sets themselves. However, since all sets are not of the same 
length, the number of cases contributing to the mean for any given 
hour often differs considerably from the total number of cases in the 
selection as a whole. To furnish insight into the reliability of the 
averages on an hour by hour basis, Table II has been prepared. Here 
the hourly number of cases in each selection is stated.
In the absence of formal multiple correlation studies of the 
factors influencing hour-to-hour pattern, it is imperative to maintain 
an awareness of the variation in these factors occurring among the 
different selections. If, for example, the September selection 
exhibits peculiarities, we cannot safely conclude that these peculi­
arities are an effect of season unless the selection is well balanced 
with regard to the other factors that might conceivably have brought 
about the same result. Table III gives the standing of each selection 
with respect to five factors potentially capable of modifying the 
hour-to-hour pattern. These factors are as follows: (l) the average
date per set in the selection; (2) the average F- value, or date in 
the lunation; (3) the average magnitude rating, indicating the average
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nightly volume of migration; (4) the average latitude, on a per set 
basis, of the stations in the selection; and (5) the mean of the 
nightly maximum altitudes of the moon. The F- values are stated to 
one decimal place. An F- value of F + .1, or F •}. one-tenth, indicates 
that the mean of the lunation dates in the selection falls after the 
night of the full moon but very close to it. The magnitude rating is 
the mean percentage value of the sets in the selection, obtained by 
averaging the nightly migration volumes expressed as percentages of 
the mean nightly volume of Selection 7* All the averages are simple 
means: they are not weighted for the amounts of migration represented
by the various sets.
Selection 1: September, October, and November sets of seven
hours or more from the area of the 1948 spring study; 201 cases; 1-18, 
20-25, 36-55, 57-77, 79, 129, 132, 135, 138-139, 150, 154, 158, 162, 
165, 168, 175-181, 187-190, 198-200, 205-209, 215-253, 255-262, 270- 
324, 327-329.
Selection 2: sets from Baton Rouge, La., used in Selection 1;
31 cases; 79, 129, 132, 135, 138-139, 150, 154, 158, 162, 165, 168, 
175-181, 187-190, 198-200, 205-209.
Selection September, October, and November sets of 7 hours 
or more from outside the area of the 1948 spring study; 24 cases; 26- 
27, 29-35, 56, 263-267, 325-326, 330-336.
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Selection j>: southern sets, that is, the sets of Selection 1
from Oklahoma, Arkansas, Tennessee, North Carolina and points south;
139 cases; 1-18, 20-25, 36-55, 77, 79, 129, 132, 135, 138-139, 150,
154, 158, 162, 165, 168, 175-181, 187-190, 198-200, 205-209, 215- 
223, 236, 259-262, 271-273, 276-321.
Selection 6: northern sets, the sets of Selection 1 from
points north of Oklahoma, Arkansas, Tennessee, and North Carolinaj 63 
cases; 57-76, 224-235, 237-253, 255-258, 268-269, 274-275, 322-324, 
327-329.
Selection all seven-hour autumnal sets from the week centered 
on the night of the full moon; 239 cases; 1-27, 29-79, 126, 129-130,
133, 136, 139-140, 149, 150-153, 156-157, 160-161, 164, 166, 174-181, 
186-190, 192, 198-200, 205-209, 215-269, 271-336.
Selection 8: sets of very low magnitude, the sets of Selection
7 representing 15$ of the average nightly volume of migration or less;
57 cases; 7-8, 11, 22, 33, 42, 44-46, 49, 54, 56, 59, 71, 76, 126,
129, 175, 178, 230, 232, 234, 237-240, 243, 247, 253, 255, 258, 263- 
267, 272, 274, 284-289, 294, 300, 302, 307-308, 314, 316, 326, 328, 
330-332, 334.
Selection 2 : sets of low magnitude, the sets of Selection 7
representing from 16$ to 35$ of the average nightly volume of migration; 
45 cases; 9, 12-14, 17-18, 23-24, 26-27, 29, 31-32, 34-35 , 41, 58, 63, 
66-67, 69, 72-74, 78, 164, 176-177, 18-7, 189, 198-199, 222, 231, 235,
254, 262, 268-269, 273, 291, 293, 295, 313, 317, 321, 325, 327, 333.
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Selection 10: sets of moderate magnitude, the sets of
Selection 7 representing from 36$ to 75$ of the average nightly volume 
of migration; 47 cases; 2-4# 6, 10, 20-21, 30, 36, 51, 57, 61-62,
64-65, 70, 77, 79, 140, 174, 179, 188, 200, 215-218, 223, 225, 236, 
241-242, 244-246, 256, 277, 281, 282, 290, 296, 298, 304-305, 311,
318, 329.
Selection 11: sets of high magnitude, the sets of Selection 7
representing 77$ to 160$ of the average nightly volume of migration;
44 sets; 5, 15-16, 19, 38, 50, 55, 60, 68, 75, 133, 136, 139, 149-150, 
160-161, 166, 180, 186, 190, 220-221, 227, 229, 233, 248, 250, 252,
260, 271, 275-276, 279-280, 292, 297, 299, 306, 312, 320, 324, 335-
336.
Selection 12: sets of very high magnitude, the sets of Selection 
7 representing 162$ to 809$ of the average nightly volume of migration 
(but with #309 omitted); 36 cases; 1, 25, 37, 39-40, 43, 47-48, 52-53,
130, 151-153, 156-157, 181, 192, 219, 224, 226, 228, 249, 251, 257,
259, 261, 278, 283, 301, 303, 310, 315, 319, 322-323.
Selection 13: F - 2 sets, the sets of Selection 1 representing
observations two nights before the full of the moon; 15 cases; 7, 20,
54, 73, 129, 150, 175, 180, 187, 205, 230, 287, 291, 301, 323.
Selection 14: F - 1 sets, the sets of Selection 1 representing
observations one night before the full of the moon; 52 cases; 3, 8,
10, 15, 21, 28, 32-34, 37, 39, 44, 52-53, 60, 62, 64, 66, 74, 132,
154, 176, 181, 188, 206, 221, 235, 240, 243, 264-265, 272-273, 277-
278, 280, 282, 288, 292, 297, 300, 305-308, 311-314, 325, 333-334.
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Selection lj>: F sets, the sets of Selection 1 representing
observations on the night of the full moon; 70 cases; 1, 4-5, 9, Il­
ia, 16, 22, 24, 29-30, 35, 38, 40-41, 45, 47-48, 50, 57, 65, 67-68,
75, 135, 158, 177, 189, 198, 207, 215, 217, 219, 222, 224, 226, 228, 
231, 233-234, 236-237, 239, 248-249, 251-252, 257, 260, 266, 271, 
274-276, 279, 281, 283, 289, 293, 295, 298-299, 303, 309-310, 315,
322, 329-331.
Selection 16: F + 1 sets, the sets of Selection 1 representing
observations one night after the full of the moon; 58 cases; 2, 6, 13, 
17, 23, 25, 42-43, 46, 51, 58-59, 61, 69, 71, 76-77, 79, 138, 162,
178, 190, 200, 208, 216 , 218, 220, 223,'227, 229 , 232, 238, 242, 
244-247, 250, 256, 259, 261-262, 267, 270, 284, 294, 296, 304, 316- 
319, 321, 324, 327-328, 332, 336.
Selection 17: F + 2 sets, the sets of Selection 1 representing
observations two nights after the full of the moon; 26 cases; 14, 18, 
31, 36, 55-56, 63, 70, 72, 139, 165, 179, 199, 209, 225, 241, 253,
255, 258, 263, 285, 290, 302, 320, 326, 335.
Selection 18; September sets, those of Selection 1 (nights 
falling in two months omitted); 80 cases; 3-4, 10, 12-14, 20-23,
37-38, 48-51, 53-54, 57-58, 60, 62, 66, 68-70, 129, 132, 135, 138-139, 
180-181, 200, 205, 215, 217, 221-226, 228-231, 235-236, 239-241, 
248-250, 252, 255, 257, 262, 273-276, 278, 280-281, 291-294, 297-298, 
301, 306, 308, 312, 319-320, 322, 328.
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Selection 19: October sets, those of Selection 1 (nights
falling in two months omitted); 93 cases; 1-2, 5-7* 11* 15-18, 24-25* 
36* 39-40, 43, 47, 52, 55, 59, 61, 63, 67, 71-72, 74-77, 79, 154,
158, 162, 165, 168, 175, 187-190, 207-209, 216, 218-220, 227, 232-234, 
238, 242-247, 253, 256, 258-259, 261, 270-271, 277, 279, 282-287, 
295-296, 299-300, 302-304, 307, 309-310, 313-318, 321, 324, 327, 329.
Selection 20: November sets, those of Selection 1 (with
nights falling in two months omitted); 16 cases; 9, 41-42, 45-46, 65,
177-179, 198-199, 237, 251, 260, 289-290.
Selection 21: Far West and Canada, Selection 4 with sets
#335 and #336 omitted; -22 cases; 26-27, 29-35, 56, 263-267, 325-326, 
330-334.
Selection 22: Southern states without Baton Rouge; 108 cases;
1-18, 20-25, 36-55, 77, 215-223, 236, 259-262, 271-273, 276-321.
Selection 23: Little Rock, Ark.; 14 cases; 12-25.
Selection 24: Memphis, Tenn.; 17 cases; 280-296.
Selection 27: very low magnitude sets (Selection 8) with
November data omitted; 50 cases; 7-8, 11, 22, 33, 44, 49, 54, 56,
59, 71, 76, 126, 129, 175, 230, 232, 234, 238-240, 243, 247, 253, 255, 
258, 263-267, 272, 274, 284-288, 294, 300, 302, 307-308, 314, 316,
328, 330-332, 334.
Selection 28: low magnitude sets (Selection 9) vdth November
data omitted; 44 cases; 12-14, 17-18, 23-24, 26-27, 29, 31-32, 34-35, 
58, 63, 66-67, 69, 72-74, 78, 164, 176, 187, 189, 222, 231, 235, 254, 
262, 268-269, 273, 291, 293, 295, 313, 317, 321, 325, 327, 333.
158
Selection 29: November sets of high magnitude (more than 35$
of the average nightly volume of migration? 5 cases; 65, 179, 251,
260, 290.
Selection 30: sets with high lunar altitudes, the sets of
Selection 7 in which the moon reached an altitude of 70° or more; 56 
cases; 6, 8-9, 11, 18, 25, 31, 36, 41-46, 55, 63, 77-79, 140, 160-161, 
164, 166, 176-179, 189-190, 192, 198-199, 216, 218, 220, 237, 251,
260, 272, 285-286, 288-290, 296, 302, 304-305, 311, 318, 320-321,
326, 335-336.
Selection 31: sets with low lunar altitudes, the sets of
Selection 7 in which the maximum altitude of the moon did not exceed 
40°; 47 cases; 3, 19-20, 26-27, 33, 49, 54, 57, 60, 62, 66, 68, 73, 
126, 129-130, 149, 221, 224, 230-231, 235, 239-240, 248-249, 252,
257, 264-266, 273, 275-276, 280, 291, 297-298, 308, 322-323, 325,
328, 331, 333-334.
TABLE II
HOURLY NUMBERS OF SETS IN EACH SELECTION
Selection 6-7 7-8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6
1 47 159 196 199 200 200 198 189 175 144 106 47
2 15 30 30 31 31 31 31 30 29 26 20 13
4 9 18 22 24 24 23 23 23 21 19 13 6
5 38 118 135 137 138 139 138 131 120 103 79 36
6 9 41 62 63 63 62 61 59 56 42 28 12
7 61 181 228 232 233 232 230 208 198 161 117 52
8 12 47 55 56 57 56 56 54 47 37 24 10
9 16 36 48 49 49 49 48 45 a 31 21 11
10 10 35 46 47 47 46 46 46 43 36 27 14
11 10 30 42 43 43 44 44 41 37 30 23 10
12 13 32 36 36 36 36 35 31 30 27 22 7
13 5 11 14 15 15 15 15 15 14 8 2
14 18 45 52 52 52 52 52 49 44 38 25 3
6-7
22
9
2
10
24
6
9
23
2
10
12
1
19
9
5-6
24
28
7
12
25
9
6
23
1
8
7
3
21
3
TABLE II (continued)
7—8 8-9 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5
56 67 69 69 68 67 64 58 51 41
43 55 57 58 58 57 54 55 43 34
17 26 26 26 26 26 26 22 21 15
56 77 79 79 80 80 77 70 54 36
75 91 93 93 93 92 88 82 73 55
16 16 15 16 16 14 13 13 11 12
18 20 22 22 21 21 21 19 17 12
88 105 106 107 108 107 101 91 77 59
7 14 14 14 14 14 13 13 9 6
16 17 17 17 17 17 17 15 9 5
40 48 50 50 49 49 47 40 32 19
31 43 44 44 44 43 40 37 28 17
5 5 5 5 4 3 2 3 4 4
kk 56 55 56 56 55 53 49 41 35
33 46 47 47 47 47 46 38 26 15
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TABLE III
AVERAGE DATE, F - VALUE, MAGNITUDE, LATITUDE, AND PEAK ALTITUDE
FOR EACH SELECTION
Average Average Average Average Average Peak 
Selection Date F - Value Magnitude Latitude Altitude
1 9/28 F + .1 108$ 35° 61°
2 10/7 F + .1 115$ 30° 68°
4 9/24 F + .1 21$ 41° 54°
5 10/1 F 113$ 32° 64°
6 9/22 F + .3 95$ 40° 54°
7 9/28 F + .1 103$ 35° 60°
8 10/4 F + .1 8$ 38° 60°
9 10/1 F + .3 25$ 36° 61°
10 9/28 F + .4 52$ 35° 62°
11 9/21 F 113$ 33° 58°
12 9/26 F - .2 369$ 34° 59°
13 9/28 F - 2 99$ 33° 51°
14 9/27 F - 1 88$ 36° 53°
15 9/27 F 158$ 36° 59°
16 9/30 F + 1 69$ 35° 66°
17 9/30 F + 2 35$ 34° 68°
18 9/8 F - .1 114$ 36° 51°
19 10/6 F + .5 113$ 35° 65°
TABLE III (continued)
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Selection
Average
Date
Average 
F - Value
Average
Magnitude
Average
Latitude
Average Peak 
Altitude
20 11/4 F + .6 47* 33° 78°
21 9/28 F 15* 44° 51°
22 9/29 F 113* 33° 63°
23 9/25 F + .1 65* 35° 59°
24 10/6 F + .1 45* 35° 63°
27 9/30 F 8* 38° 57°
28 9/8 F + .3 25* 37° 59°
29 11/2 F + .6 119* 36° 74°
30 10/18 F + 1 62* 32° 77°
31 9/9 F - .9 81$ 39° 42°
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B. DETAILS OF PROCEDURE
Observational Forms
During the earlier work on migrants passing before the moon, 
the observations and the supplementary detail were all noted on a 
single type of form called the Original Data Sheet (Lowery, 1950:
391)• Each of these sheets had a seven-line heading with space for 
recording the date, locality, names of observers, weather, type of 
instrument, and miscellaneous remarks.
To provide for fuller detail, to minimize repetitious writing, 
and to permit more actual records per page, the Original Data Sheet 
was replaced by three new forms. The Station Description (Form 0-a) 
deals with matters of a permanent or semi-permanent nature: the time
zone, the exact location of the observation station, its latitude and 
longitude, its elevation, the features of the surrounding terrain, the 
kinds of habitat represented. Usually only one Station Description is 
required for the work of an entire season or succession of seasons.
The Nightly Station Information sheet (Form 0-b) is devoted to 
accessory details that are subject to change from date to date: the
names of participants, the weather, the type of optical equipment 
used. A separate Form 0-b must be supplied for each night of obser­
vation. The Record of Observations (Form 0-c) provides for a running 
account of the observations themselves. It has columns for the time 
of the observation, the IN reading, the OUT reading, the quality of 
focus, the "T" estimate, the probable identity of the silhouette, and 
remarks. Of these, only the "T" estimate is a real innovation. It is
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a measure of the length of the silhouette in terms of the apparent 
diameter of the lunar crater Tycho. Facsimiles of the three forms 
have already appeared in a special publication of the Museum of 
Zoology (Newman, 1952).
The Tallying Procedure
Record sheets are still prepared for tallying in much the 
manner describea by Lowery (1951s 394). The observations are divided
into one-hour blocks starting on the hour and ending at the hour plus 
59 minutes (8:00 to 8:59; 9*00 to 9*59> etc.). Entries designated as 
"bats", "bats?", "insects", "insects?", or "not birds" are marked with 
red X's. Entries involving more than one bird on the same line are 
marked with red arrows.
To compute flight direction from the observed pathway of a 
bird across the moon, one must assume that the bird was flying on a 
horizontal plane. The validity of this assumption for computational 
purposes has been demonstrated by Lowery (1951: 322-383). On this
basis, every flight direction at a given time has a unique slant on 
the face of the moon. Conversely every flight line with the same 
slant represents the same direction, regardless of its position against 
the moon.
The ultimate objective of the tallying procedure is to sort 
the birds of a given hour into directional classes, to group all the 
birds with pathways of the same slant into a single count. This step 
was originally accomplished by locating the actual pathway on a circular 
diagram of the moon and determining by means of a parallel rule which
pathway through the center of the circle represented the same slant. 
Tick marks were employed to keep track of the number of birds thus 
shifted to each central pathway. The circular insert in Figure 28 
shows one of the plots used in Lowery's exposition of the method.
Since this sort of plotting is time-consuming, a nongraphic 
method of accomplishing the same end was devised. Any pathway through 
center can be identified by a single figure, its exit point on the 
rim of the lunar "clock." Tables were constructed for expressing any 
recorded pathway in terms of the exit point of the parallel pathway 
through center (see Table 4). These tables consist of 24 double 
columns of figures. At the top of each column is a single figure 
representing the IN reading of the flight path. The corresponding 
OUT readings are given on the lefthand side of the column below. 
Opposite each OUT reading and separated from it by an - sign is the 
equivalent exit point for the parallel pathway through center. For 
example, if one wishes to find the central exit point for a 2:00 to 
5:30 pathway, one refers to the double column headed 2:00, which is 
third from the left in the upper row of the set of tables. Then one 
glances down the lefthand side of the column and locates the figure 
5:30. In the 2:00 column, 5s30 r 6:45* the equivalent exit point.
The actual tallying of the birds is done on the Directional 
Tally Sheet, Form C-a (Figure 28). This form has four columns to a 
side, each designed to accomodate the observations for one hour. Each 
column is made up of 48 spaces, or boxes, corresponding to the 48 
points on a clock rim marked in quarter-hours (1:00, 1:15, 1:30,
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Figure 26. Directional tally sheet. The circular inset illustrates 
the former method of carrying out this stage of the procedure.
TABLE IV
FLIGHT PATHS AND THEIR EQUIVALENTS THROUGH CENTER
1:00 - 1:30 - 2:00 - 2:30 - 3-00 -
2:00- 6:30 30 5:00 00-10:30 1:00=10:65 1:00-11 00
2:30= 6:65 00= 5:15 00= 5:30 1:30=11:00 1:30=11 15
3:00= 5:00 30= 5:30 30= 5:65 3:30= 6:00 2:00-11 30
3:30- 5:15 00- 5:65 00= 6:00 6:00= 6:15 6:00= 6 30
6:00- 5:30 30- 6:00 30 6:15 6:30* 6:30 6:30- 6 65
6:30- 5:65 00- 6:15 00- 6:30 5:00- 6:65 5:00- 7 00
5:00- 6:00 30- 6:30 30= 6:65 5:30= 7:00 5:30= 7 15
5:30= 6:15 00= 6:65 00= 7:00 6:00= 7:15 6:00= 7 30
6:00= 6:30 30= 7:00 30= 7:15 6:30= 7:30 6:30= 7 65
6:30= 6:65 00= 7:15 00= 7:30 7:00= 7:65 7:00= 8 00
7:00= 7:00 30= 7:30 30= 7:65 7:30= 8:00 7:30= 8 15
7:30 7:15 00= 7:65 00= 8:00 8:00= 8:15 8:00= 8 30
8:00= 7:30 30= 8:00 30= 8:15 8:30= 8:30 8:30= 8 65
8:30= 7:65 00= 8:15 00= 8:30 9:00= 8:65 9:00= 9 00
9:00= 8:00 30= 8:30 30= 8:65 9:30= 9:00 9:30- 9 15
9:30= 8:15 00= 8:65 00- 9:00 10:00= 9:15 10:00- 9 30
10:00= 8:30 30= 9:00 30= 9:15 10:3 0= 9:30 10:30= 9 65
10:30 8:65 00= 9:15 00= 9:30 11:00= 9:65 11:00=10 00
11:00= 9:00 30= 9:30 30= 9:65 11:30=10:00 11:30=10 15
11:30= 9:15 00= 9:65 00=10:00 12:00=10:15 12:00=10 30
12:00= 9:30 30=10:00 30=10:15 12:30=10:30 12:30=10 65
3:30- 
1:00=11: 
1:30=11: 
2:00-11: 
2:3012: 
i»:30 7: 
5:00 7: 
5:30 7: 
6:00 7: 
6:30 8: 
7:00 8: 
7:30 8: 
8:00 8: 
8:30 9: 
9:00 9: 
9:30 9: 
10:00 9:
12:0010:
12:3011:
1:00 -  
1:0011: 
1:3011: 
2:0012: 
2:3012: 
3:0012: 
5:00 7: 
5:30 7: 
6:00 8: 
6:30 8: 
7:00 8: 
7:30 8: 
8:00 9: 
8:30 9: 
9:00 9: 
9:30 9: 
65 10:0010: 
00 10:3 0 1 0: 
15 11:0010: 
30 11:3010: 
65 12:0011: 
00 12:3011:
15
30
65
00
00
15
30
65
00
15
30
65
00
15
30
kll9_
30 
65 
00 
15 
30 
30 
65 
00 
15 
30 
65 
00 
15 
30
65 9:3010 
00 10:0010 
15 10:3010 
30 11:0010 
65 11:3011 
00 12.0011 
15 12:3011
1:0011 
1:3012 
2:0012 
2:3012 
3:0012 
3:30 1 
5:30 8 
6:00= 8 
6:30 3 
7:00=
7:30 
8:00 
8:30 
9:00
5:00 5:30 -
1:0012:00 
1:3012:15 
2:0012:30 
2:3012:65 
3:00 1:00 
3:30 1:15 
6:00 1:30 
6:00 8:30 
6:30 8:65 
7:00 9:00 
7:30 9:15 
8:00 9:30 
8.30 9:65 
9:00=10:00 
9:3010:15 
15 10:0010:30 
30 10:3010:65 
65 11:0011:00 
00 11:30=11:15 
15 12:0011:^0 
30 12:3011:65
6.00 -
1:0 0 1 2  
1:3012 
2:00-12 
2:30 1 
3 : 0 0  1: 
3:30 1: 
6:00= 1: 
6 : 3 0  2: 
6:30 9 
7:00= 9: 
7:30 9 
8 : 0 0  9 
8 :3 0 1 0  
9:0010: 
9:3010 
10:0010  
10:3 0 1 1 : 
11:0011  
11:3011 
12:0011  
12:3012
15
30
65
00
15
30
65
00
00
15
JO
65
:00
:15
:30
7:00 - 7:30 - 8:00 - 8:30 - 9:00 - 9:30 - 10:00- 10:30- 11:00- 11:30-
1:00= 1:00 1:00= 1 15 00- 1:30 1:00- 1 65 1:00- 2:00 1:00= 2:15 1:00* 2:30 1:00- 2:65 1:00- 3:00 1:00- 3:15
1:30= 1:15 1:30= 1 30 30= 1:65 1:30= 2 00 1:30= 2:15 1:30= 2:30 1:00= 2:65 1:30= 3: 1:30= 3:15 1:30* 3:30
2:00= 1:30 2:00= 1 65 00= 2:00 2:00= 2 15 2:00= 2:30 2:00= 2:65 2:00= 3:00 2:CH> 30 5 2:00 3:30 2:00- 3:65
2:30= 1:65 2:30= 2 00 30= 2:15 2:30= 2 30 2:30= 2:65 2:30= 3:00 2:30 3:15 2:30= 3:30 2:30= 3:65 2-30= 6:00
3:00= 2:00 3:00= 2 15 00= 2:30 3:00= 2 65 3:00= 3:00 3:00= 3:15 3:00= 3:30 3:00= 3:65 j: 00— 6:03 3-00= 6:15
3:30= 2:15 3:30= 2 30 30= 2:65 3:30= 3 00 3:30= 3:15 3:30= 3:30 3:30= 3:65 3:30= 6:C»: 3:10= 6:11 .':30= 6:30
6:00= 2:30 6:00= 2 65 00= 3:00 6:00= 3 15 6:00= 3:30 6:00= 3:65 6:00= 6:00 6:00= 6:15 6:00= 6:30 6-00- 6:65
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1:45, etc.) and representing the 48 exit point values contained in the 
conversion tables described in the preceding paragraph. Taking each 
observational entry successively, the computer simply glances at the 
conversion table and places a tally mark in the appropriate box.
The facsimile of Form C-a shows how the first four hours of 
observation at Progreso, Yucatan, on the night of April 24-25, 1948, 
would look if tallied by the new method. The inset represents the 
tallies for the 11 o'clock hour in their original circular plot form.
Computation of Altitudes and Azimuths
Before one can proceed further, it is necessary to determine 
the altitude and azimuth of the moon for the time and place of the 
observations. Both these quantities are, of course, continuously 
changing. For computational purposes, however, it has been considered 
sufficient to use a single altitude and a single azimuth to represent 
a given hour, on a given date, at a given location.
If birds are evenly distributed throughout the hour, the 
half-hour point is unquestionably the best time to use in computing 
the altitude and azimuth. If, on the other hand, many birds are seen 
in the one-half hour and few in the other, a conflict arises. For 
purposes of computing the dimensions of the observation cone, the 
half hour remains the best computation point. The size of the cone 
at that time usually approximates the average size of the sampling 
space for the entire hour. However, with an uneven distribution of 
this sort, the errors of approximation that inevitably arise in
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computing directions of flight will not counterbalance one another 
unless the computation point is shifted toward the time of the median 
bird. Since flight direction is itself a factor in determining the 
interceptory potential of the observation cone, another sort of space- 
adjustment error results.
This difficulty is easy to overcome in theory. Two sets of 
altitudes and azimuths could be computed, one for directional calcu­
lations, the other for determining the size of the observation space. 
But the slight gain in accuracy probably vrould not warrant the extra 
labor involved. For present purposes, the computation point was 
shifted from the half hour only when sizable time-outs occurred during 
the hour. If, for example, observations were made from 10:00 to 10:40 
p.m., with a break from 10:40 to 11:00 p.m., the altitude of the moon 
was computed at 10:20, the midpoint of the actual observing period.
Little computation is required for finding the altitude and 
azimuth of the moon at a given time. The chosen time is converted to
its Greenwich equivalent and the corresponding Greenwich hour angle
(GHA) and declination of the moon are then obtained from the tables of
the American Air Almanac (U. S. Naval Observatory, 1948-1955). The
local hour angle (LHA), representing the difference in degrees between 
the GHA and the longitude of the station, is obtained by simple 
subtraction. Knowing the IHA, lunar declination, and latitude of the 
station, one can look up both altitude and azimuth in the Tables of 
Computed Altitude and Azimuth published by the U. S. Navy Department 
Hychographic Office (1936-1941).
170
In the earlier work, this procedure was complicated by differ­
ences between the terms of our adjustment formulae and the stated 
values in the tables. The formulae conformed to the astronomer^ 
system. They expressed the positions of the moon in terras of zenith 
distances and of azimuths measured from the south point. The tables 
use altitudes instead of zenith distances and reckon azimuths from the 
north point. Consequently conversions had to be made every time the 
position of the moon was calculated.
The first step in streamlining the process was to express the 
formulae in the terms of the tables, eliminating the need for repeated 
conversions. The space saved made it possible to compute the altitudes 
and azimuths for a whole night on a single sheet (Form C-b). The 
printed, part of the form could now include the hours themselves, along 
with their Greenwich equivalents. Since, however, these equivalents 
vary.with the time zone, a slightly different form had to be provided 
for each zone. To avoid confusion, the Central Standard form (C-ba) 
was printed on white paper; the Eastern Standard version (C-bb), on 
yellow.
Figure 29 shows the Progreso altitudes and azimuths computed 
on the new form. The inset shows the 11:30 calculations on the old 
form. Note that the simplified procedure requires the writing of only 
7 figures instead of the original 1$.
Ascertaining Flight Directions
For purposes of migration study, one does not need to determine 
the exact direction in which each bird was heading. It is enough to
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Figure 29. Form for computing altitudes and azimuths. The inset 
shows a section of the form previously used for this operation.
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know how many birds were flying between north and north-northeast, 
how many between north-northeast and northeast, and so on. To provide 
a standard for classifying migrants according to direction, Loweiy 
(1951s 398) divided the compass into sixteen 22^° sectors. He
designated the eight north sectors as N 1 to 8, the eight south sectors 
as S 1 to 8. The exact boundaries of these sectors are stated on each 
final summary sheet. In Lowery's spring study, N 6 was combined with 
N 8, S 6 with S 8, N 5 with N 7> and S 5 with S 7, leaving a total of 
12 working sectors. In the present work, all 16 sectors have been 
actively retained.
From the computational standpoint, the problem is to super­
impose the sector boundaries (the N point, the NNE point, etc.) on 
the Directional Tally (Figure 28). On the horizontal plane of the 
compass, these boundaries are equally spaced, but, if the observer 
could see them projected onto the face of a low moon, he would 
discover striking changes. The sectors nearest the 3 and 9 o'clock 
points would be drastically squeezed together. Those nearest the 6 
and 12 o'clock points would be correspondingly expanded. But the 
inequalities among sectors would gradually decrease as the altitude of 
the moon increased.
Rense (1950) has provided a formula for determining the position 
angle of any compass point when projected onto the face of the moon 
and measured from the 12 o'clock point. The azimuth of the moon is 
subtracted from the compass direction of the sector boundary expressed 
in degrees. The tangent of the resultant quantity divided by the
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cosine of the zenith distance of the moon gives the tangent of the 
position angle. The angle itself may then be found in a table of 
tangents. For use in this formula, both the degree value of the 
compass point and the azimuth of the moon must be expressed in a 
particular way, as explained in diagrams and text by Lowery (1951: 
399-400).
The original computations for determining the position angle 
of the north point for the 11 to 12 p.m. hour at Progreso required the 
solution of the following equation:
tan position angle = tan (180° - (-35°) )
cos 50o
The solutions of similar equations had to be carried out for 
each of the six other boundary points involved. When this work had 
been completed, the boundaries were plotted with a protractor on the 
circular diagram of the directional tally. The result is shown in 
the inset of Figure 30.
In the revised procedure, our goal was to adapt this principle 
to use with a rectangular tally sheet. In doing so, we sought to 
eliminate mathematical calculations altogether.
Those who have grasped the essence of the direction formula 
will realize that the lunar position angle of a compass point is a 
function of two independent variables— the altitude and azimuth of 
the moon. The average altitude for an hour may fall anywhere between 
5° and 90°. During the night the azimuth may change as much as 220°.
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Thus a tabular solution to the problem with one-degree accuracy would 
have to include 18,700 values; and these 18,700 values would have to 
be repeated eight times, once for each of the eight north-south pairs 
of sector boundaries. Even if all this precalculation were undertaken, 
the resulting three-variable tables would be extremely cumbersome.
As a starting point for a more practicable solution, the 
problem may be generalized somewhat. Amid all the confusing changes 
in position of compass points on the rim of the moon, two relation­
ships remain constant. The 12 to 6 o'clock diameter on the lunar 
clockface always represents the azimuth of the moon; the 3 to 9 
diameter always represents a line at right angles to the azimuth.
Every intermediate direction, however, changes its lunar position with 
changes in the altitude of the moon.
Now forget compass values for a moment and imagine that all 
directions were reckoned not from the north point, nor from any fixed 
terrestrial point at all, but from the azimuth of the moon. There would 
be a direction 5° from the azimuth, a direction 10° from the azimuth, 
and so on. Taking each, of these horizontal directions in turn, we 
may use the Rense formula to calculate its position angle on the 
lunar clock for each 10° of the moon's descent from the zenith to the 
horizon. From these data a graph may be constructed with position 
angles, as reckoned from the azimuth, on the ordinate and lunar 
altitudes on the abscissa. If the position angles are calculated at 
5° intervals, 180 computations will suffice for the entire plotting, 
since all the curves of one lunar quadrant recur either as straight 
duplications or as mirror images in the other quadrants.
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Figure 30# The sectored tally sheet.
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Such a graph was actually produced. The millimeter-ruled 
paper on which it is plotted permits interpolations with close to 
one-degree accuracy. By use of this graph, any terrestrial direction 
may be immediately located on the moon, provided the direction is first 
expressed in terms of its horizontal angle from the lunar azimuth.
To express the sector boundaries in terms of their angles 
from the azimuth, all that was necessary was to mount the graph on a 
board and to provide a sliding rule that can be moved up and down 
parallel to the ordinate. This rule is calibrated in degrees on the 
same scale as the ordinate itself. The center of the rule is identi­
fied as the 180°, or south, point. The rest of the rule is numbered 
accordingly. At the proper points, 22£° apart, the sector boundaries 
are marked.
If the rule is slid to a position where the degree value of 
the azimuth of the moon for a given hour falls opposite the 6 o’clock 
line, or azimuth line, on the graph, all the sector boundary points 
on the rule will also come opposite their proper azimuthal position 
angles on the graph. The operator is thus immediately able to select 
the correct curve of projection and to follow it to the point opposite 
the lunar altitude for the hour. That point corresponds to the 
regression of the sector boundary toward the 3-9 line of the lunar 
clockface*
A third vertical scale has been set up— one that has the same 
degree relationships as the other two but viiicb is marked in clock 
values instead of degrees. The tally sheet itself (Figure 28) includes
177
this scale. The little marks at the left of the tally boxes represent 
the quarter-hours of the lunar clock and are exactly 7^° apart on 
the scale of the graph. If the tally sheet is placed on the board 
with its 6 o'clock mark opposite the azimuth line on the graph, all 
the scales lie in correct relationship. If the sliding scale is set 
at the proper azimuth and if the curve opposite the sector boundary 
is followed to its intersection with the altitudinal line for the 
hour, the resulting point will be opposite the proper position of the 
sector boundary on the tally sheet, A sliding horizontal rule is used 
to track the regression of the sector boundary and to locate the 
boundary accurately on the tally sheet.
With this device sector boundaries can be marked on the tally 
sheet very rapidly. When that step has been accomplished, the number 
of birds in each sector can be counted and entered on a sector density 
computation form (Figure 31).
Computing Flight Densities
When the number of birds in each directional sector on the 
tally sheet has been counted, the hour's observations are ready for 
time and space correction. At the next step, they will be translated 
into the number of birds the observer theoretically would have noted 
during the hour had he been looking for the full 60 minutes seeing 
all the birds in a space a mile wide. The computation must be repeated 
for each directional sector individually by direct or indirect use of 
the following formula:
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Figure 31. Form for computation of sector densities.
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Sector Density - (220) 60 (no. of birds) (cos^Z)
" ______ T______________________
\J 1 - sin^ Z cos^ a
where T is the number of minutes of actual observation in the hour,
Z is the zenith distance of the moon, and a is the angle between the 
azimuth of the moon and the midline of the sector— the flight angle, 
as I shall call it. The sector density is the flight density for a 
single directional sector. The complete flight density for an hour 
is the sum of all the sector densities in the hour. Originally the 
sector densities were computed by direct substitution in the formula.
The problem of simplification at this stage is similar to the 
one faced in the calculation of flight directions. The sector density 
formula contains five variables: T, the number of birds, the zenith
distance, and the two components that enter into the quantity a— the 
lunar azimuth and the sector direction. In any computational procedure, 
the first two quantities must be retained as separate elements, but 
it is possible to set up a system whereby the remaining variables may 
be--precalculabed- as a single factor.
If the cone of observation be thought of simply as a form in 
space without compass orientation, its effective size becomes a 
function of only two variables. The first is the altitude of the 
moon. The second is the horizontal angle at which the birds are 
passing through the cone, the angle between the midline of their 
directional sector and the azimuth of the moon. Neither quantity can 
vary more than 90°; and, since it would be unrealistic to compute the
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size of a cone at a lunar altitude of less than 10°, the practicable 
variation in altitude is only 80°. If the flight angle be taken at 
every two degrees and the altitude at every degree, 3,600 combinations 
of altitude and flight angle embrace the entire range of working 
possibilities.
The time factor was removed from the density formula, and the 
number of birds was set at one. Then the theoretical number of birds 
per mile of front per one bird seen was calculated for all feasible 
combinations of lunar altitude and flight angle. The resulting 3600 
density factors were arranged in a table with the values of the lunar 
altitudes across the top and the values of the flight angles running 
vertically. The table was typed, reduced photostatically, and mounted 
on a board into which, a vertically sliding framework had been built. 
This device had a scale at the lefthand side marked in degrees of 
azimuth. The framework itself was provided with a sliding metal panel 
that could be moved across the board from left to right. In this panel 
were cut eight openings just large enough to frame a four-digit factor. 
The vertical spacing of these openings corresponds to 22° on the left- 
hand scale— approximately the angular distance between the midlines 
of the directional sectors. The framework on which the panel slides 
was horizontally calibrated in degrees of lunar altitude in such a way 
that, when a pointer on the panel is set at an altitude, the openings 
fall over the column of density factors under that altitude. When the 
vertical scale at the lefthand side of the board is then set at the 
proper’ azimuth, the entire frame carrying the panel is moved down the
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column to the position at which the eight openings frame the proper 
density factors for the eight pairs of directional sectors. Thus with 
two settings, one for altitude and one for azimuth, all the factors 
necessary to space-adjust the observations for one hour are automatically 
selected from the table. These are entered on the sector density 
computation form (Figure 31).
The time factor of the density formula must now be restored.
In the new procedure it is expressed in decimal form and computed by 
a simple equation:
Time adjustment factor r _____ 60____
60 - Time out
To save additional work, a table of time-outs and their 
corresponding time-adjustraent factors has been constructed.
The sector densities may now be found by multiplying the 
sector count by the density factor and the time factor (Figure 31).
For this operation an automatic calculator is used.
The foregoing method of partial precalculation not only 
simplifies the original procedure, reducing the chances of miscalcu­
lation. It also provides a way of making an additional type of adjust­
ment. Sometimes observers are unable to describe the lunar pathway 
of a bird fully. They miss the entry point, the exit point, or both. 
Therefore the computer finds a certain number of recorded birds that 
he cannot assign to any directional sector. To discard these birds 
entirely is undesirable, especially when one is studying hour-to-hour 
variation. The best remedy is to distribute the directional unknowns
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among the various sectors in the same proportions as the birds whose 
direction has been determined. This result can be accomplished simply 
by multiplying each of the sector densities for the hour by a miss 
factor derived in the following way:
MISS FACTOR = total no. of birds recorded____
total no. directionally computed
Flight Density Summary
The final step in processing is to tabulate the sector 
densities in such a way that hourly and directional totals may be 
obtained. The present Nightly Flight Density Summary (Form C-d) is 
essentially the same as that illustrated by Lowery (1951J 405).
It is, however, printed broadside to accomodate the additional hours 
of darkness occurring in the longer nights of the autumnal migration 
period. Moreover, space is provided for entering the time-adjusted 
counts.
Adjustments to Average Magnitude
In this study there has been frequent need to average series 
of relative numbers in such a way that each series contributes equally 
to the final result. If every series were the same length, there would 
be no problem. The total value of every series could be sat at 100$ 
and the 100 percentage units could be distributed among the members 
of the series in their correct relative amounts. Then the percentages 
at each position in the series could be averaged. Unfortunately the 
series, being sets of observations limited to the hours when the moon 
is visible, vary in length. Some series have 12 terms; some, only
183
three. It does not seem desirable to adhere to a strict percentage 
method by allotting the shorter sets a total number of percentage 
points proportional to their length. On this basis a three-hour set 
would be given a value of 25$, regardless of its position on the time 
scale. But, in the actual pattern we are trying to reconstruct, the 
three hours in question might have a real value of only 10$,
The solution employed has been to increase or decrease the 
total numerical value of each set to the mean numerical value for the 
same hours. In other words, the group of sets under study are first 
averaged to obtain a set of simple arithmetic means. Then each 
individual set is compared with the means for the corresponding hours.
A three-hour set extending from 6 p.m. to 9 p.m. would be compared 
with the means for 6 p.m. to 9 p.m. If the three terms of the set 
were 1500, 1000, and 500, they would yield a sum of 3000. If the three 
means for the same period were 1000, 2000, and 3000, they would yield 
a sura of 6000. The ratio of the numerical value of the set to the 
numerical value, of the means for the same hours is thus 3000 to 6000 
or 1 to 2. The means have ..twice the magnitude of the set. If each 
term of the set is multiplied by 2, the series becomes 3000, 2000, and 
500. The total numerical value is now 6000, the same as the numerical 
value of the means; but the relations of the terms of the set to each 
other have not been changed, since 1500-1000-500 and 3000-2000-1000 
both represent a 3-2-1 ratio.
If this treatment is applied to every set in the group under 
study, the effect is to remove the variance between sets and to
concentrate attention on the variance among the quantities representing 
the different hours of the night. If the adjusted quantities for each 
hour are averaged, they produce a curve similar in total magnitude to 
the curve of the arithmetic means, but one in which the hourly values 
are averages of the hourly proportional values in the original sets.
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